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The problems of the control of intravascular disorders have been the subject 
of intensive investigation for many years. Recent developments in chemotherapy 
have produced an agent, dicoumarin (3,3’-methylene-bis-[4-hydroxycoumarin] ), 
capable of inhibiting coagulation of blood in vivo. This compound exerts no anti- 
coagulant properties on blood directly but produces its effect through some organic 
tissue of the body. A survey of the literature’ reveals that some interesting and 
valuable clinical results have been obtained with this compound. From current 
investigations * evidence is accumulating that the coagulation of blood can be 
impaired without deleterious effects on the organism. It is our purpose to demon- 
strate that therapeutic impairment of the coagulation mechanism by chemical 
agents has proved decidedly advantageous in cases of trauma and of various types 
of gangrene. Vascular failure resulting in thrombosis and gangrene has been 
found to be controllable by in vivo anticoagulants. Such surgical applications of 
these chemical agents should prove of inestimable value during the present national 
emergency when industrial accidents, war wounds and other conditions incident 
to war, such as trench and immersion foot, are so prevalent. 

Following trauma, whether surgical, accidental or incurred during battle, the 
coagulation property of the blood is enhanced and this is expressed in terms of 
increased activity of prothrombin* and resistance to heparin. This increased 


From the Departments of Clinical Biochemistry and Surgery, Mercy Hospital. 
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clotting activity may be the precursor to the clinical thrombophlebitis encountered 
sporadically following surgery. A recent study * has shown that the prothrombin 
activity of dilute (12.5 per cent) human plasma increases postoperatively and returns 
to normal after about ten days. The accompanying figure shows the results of 
daily estimations of prothrombin clotting time for undiluted and dilute plasma. 
Undiluted plasma shows insignificant fluctuations for the entire period while 12.5 
per cent plasma manifests increased activity four to six days after operation and 
then gradually returns to the established normal value. In every clinical instance 
in which there has been a loss of blood due to internal or external hemorrhage a 
similar increase in the clotting activity of dilute plasma has been observed,” i. e., 
preceding parturition, cerebral accidents, bleeding peptic ulcers, etc. Patients in 
whom postoperatively thrombophlebitis has developed likewise have an increased 
clotting rate for dilute plasma. The dilute (12.5 per cent) plasma provides a 
valuable indicator for the physicochemical properties of the blood in vivo with 
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Estimated prothrombin clotting time for undiluted plasma and for 12.5 per cent plasma 
from 2 persons during the postoperative period. The abscissas represent days after operation, 
and the ordinates, seconds of prothrombin clotting time. It is to be noted that the insignificant 
variations are encountered for undiluted plasma, which do not exceed the normal limits 
indicated by the hatched area. The dilute plasma shows increased coagulative activity as 
compared with the normal zone for the same dilution, which approximates normal values 
fourteen to seventeen days after operation. 


respect to the coagulation mechanism and has served as a guide for therapeutic 
pre cedures. 

Dicoumarin, the active biologic principle of spoiled sweet clover responsible for 
the hemorrhagic disease in cattle, has been isolated by Link and co-workers.' 


4. de Takats, G.: Heparin Tolerance: A Test of the Clotting Mechanism, Surg., Gynec. 
& Obst. 77:31, 1943. 

5. Brambel, C. E., and Loker, F. F.: Unpublished data. 

6. Campbell, H. A.; Roberts, W. L.; Smith, W. K., and Link, K. P.: Studies on the 
Hemorrhagic Sweet Clover Disease: I. The Preparation of Hemorrhagic Concentrates, J. 
Biol. Chem. 136:47, 1940. Campbell, H. A.; Smith, W. K.; Roberts, W. L., and Link, 
K. P.: Studies on the Hemorrhagic Sweet Clover Disease: II. The Bioassay of Hemor- 
rhagic Cencentrates by Following the Prothrombin Level in the Plasma of the Rabbit, ibid. 
136:1, 1941. Campbell, H. A., and Link, K. P.: Studies on the Hemorrhagic Sweet Clover 
Disease: IV. The Isolation and Crystallization of the Hemorrhagic Agent, ibid. 138:21, 
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Clinically this agent has been used * in a number of intravascular disorders, especially 
thrombophlebitis. However, it is not our purpose to present an exhaustive survey 
of the clinical applications of dicoumarin as presented in the literature, although 
it is especially noteworthy that all investigators are in unanimous agreement that 
careful study of the coagulative properties of the blood should be made during the 
administration of this compound; i. e., daily estimations of prothrombin clotting 
time were performed whenever possible, since great variability in response has been 
encountered. The factors responsible for the unpredictable results have not been 
completely defined. Poor renal and hepatic function are contraindications for the 
use of dicoumarin.’* Butsch and Stewart ® suggested that dicoumarin could be 
used immediately before and after operation with little danger of bleeding. Accord- 
ing to these investigators,® the use of this compound is contraindicated if ulcerating 
or granulating lesions are present. 

In addition to the unpredictable response obtained from the oral administration 
of dicoumarin, a period of twenty-four to forty-eight hours elapses before any 
change in the coagulation properties of the blood is apparent. This “latent 
period” makes dicoumarin undesirable when immediate disruption of the clotting 
mechanism is indicated. Heparin, on the other hand, does not exhibit a prolonged 
“latency” of effect, the response being obtained within one hour. Dicoumarin and 
heparin may be used simultaneously since these agents do not counteract each other 
and each has a different mode of action. Heparin ® affects the coagulation of the 
blood directly, whether in vivo or in vitro; i. e., it inhibits some part of the 
mechanism (thromboplastin), thus forestalling clotting, while dicoumarin exerts 
its effect presumably on the prothrombin-producing organs of the body, with the 
result that a prothrombin deficiency develops consequent to the inhibition of blood 
clotting. During the course of the present investigation, both of these agents have 
been used in several cases. 

METHODS 


Recent literature reveals evidence from studies of the blood that coagulation 
in vivo becomes enhanced following trauma.’® It is highly desirable to have a 
simple laboratory method whereby such a tendency could be readily observed 
and likewise be useful for interpreting therapeutic procedures. De Takats * has 
developed a test for tolerance of heparin by means of which it is possible to detect 
persons whose blood has an increased tendency to coagulate. Shapiro and 
co-workers,"? in a series of papers, have shown that estimations of the clotting 
time of prothrombin in dilute plasma likewise give an index to post-traumatic 
intravascular coagulative tendencies. 

Quick’s one stage method * for the estimation of the clotting time of plasma 
prothrombin was found to be the most satisfactory indicator for evaluating varia- 


1941. Stahman, M. A.; Huebner, C. F., and Link, K. P.: Studies on the Hemorrhagic 
Sweet Clover Disease: V. Identification and Synthesis of the Hemorrhagic Agent, ibid. 
138:513, 1941. 

7. Butsch, W. F., and Stewart, J. D.: Clinical Experiences with Dicoumarin, J. A. 
M. A. 120:1025 (Nov. 28) 1942. Bingham and others.1a-b Bollman and Preston.1¢ Butsch 
and Stewart.14 Davidson and MacDonald.t¢ Meyer and others.1£ Shapiro and others. 
Wright and Prandoni.1» 

8. Butsch and Stewart.14 Butsch and Stewart.? 

9. Jorpes, E.: Heparin: Its Chemistry, Physiology and Application in Medicine, Lon- 
don, Oxford University Press, 1939. 

10. (a) Quick, A. J.: The Hemorrhagic Diseases and the Physiology of Hemostasis, 
Springfield, Ill, Charles C Thomas, Publisher, 1942. (b) Brambel and Loker.5 

11. Shapiro, S.; Sherwin, B.; Redish, M., and Campbell, H. A.: Prothrombin Estima- 
tion: A Procedure and Clinical Interpretations, Proc. Soc. Exper. Biol. & Med. 50:85, 1942. 
Shapiro and others. 
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tions of prothrombin activity in undiluted plasma. Brambel and Loker * found that 
12.5 per cent plasma (diluted with isotonic solution of sodium chloride) was the 
most sensitive dilution with reference to indicating the degree of the tendency 
toward acceleration of plasma clotting in relation to deviation of persons from nor- 
mal. For undiluted normal human plasma a prothrombin clotting time of twelve to 
fifteen seconds was consistently obtained from the plasma of 75 healthy persons 
chosen at random, and a clotting time of ninety-five + ten seconds was obtained 
from plasma diluted eight times with isotonic solution of sodium chloride. The 
prothrombin clotting time for dilute normal plasma obtained during the course 
of the present investigation deviates considerably from that reported by Quick 
and other investigators for the same dilution. A value of forty seconds was 
reported by the majority of other investigators for this concentration of plasma.** 
An explanation of this marked discrepancy is lacking at the present time since the 
directions described by Quick for the preparation of the reagents were followed 
in every detail. However, the physicochemical characteristics of rabbit thrombo- 
plastin and its preparation may easily be responsible for the differences encountered, 
since our knowledge of the chemistry of this reagent is meager. 

Our routine procedure consisted of two determinations of the prothrombin 
clotting time—on undiluted oxalated plasma prepared according to the directions 
of Quick, and on plasma diluted eight times with isotonic solution of sodium chloride. 
The method outlined has proved to be a biochemical means of evaluating the physio- 
logic response of the organism to injury with respect to the coagulative properties of 
the blood. Just at what point this physiologic response becomes a pathologic con- 
dition resulting in thrombophlebitis, etc., or what factors transform a natural process 
into a disease are unknown at present. In all the cases in which thrombophlebitis 
developed this event was predictable from the data obtained on dilute plasma. 

The method of Lee and White '* was used to determine the coagulation time 
of whole blood in connection with heparin studies. 


CLINICAL MATERIAL 

The clinical material consisted of a series of cases involving various types of 
gangrene and trauma, classified as follows: (@) post-traumatic condition with 
associated gangrene following crush injury; (b) diabetic and arteriosclerotic 
gangrene; (c) frostbite. The efficacy of in vivo blood anticoagulants, namely, 
dicoumarin and heparin, was studied in these conditions. Dicoumarin was used 
more extensively than heparin because of ease of administration. 

The principles involved in the following thesis have been used as a guide in 
all cases in which treatment was given during the course of this investigation. 
In trauma and gangrene the following conditions are manifest: 

1. Conditions favoring thrombus formation 

(a) Injury to the endothelial lining of blood vessels 
(b) Accelerated prothrombin clotting time (detectable in dilute plasma) 
(c) Liberation of excess thromboplastin (thrombokinase) by traumatized tissue.1+ 
2. Marked swelling which interferes with normal circulation and oxygenation of the tissues 


12. Pohle, F. J., and Stewart, J. K.: A Study of the Quick Method for the Quantitative 
Determination of Prothrombin with Suggested Modifications, Am. J. M. Sc. 198:622, 1939. 
Brigham and others.14-> Quick.1°% Shapiro and others.‘ Shapiro and others.1! 

13. Lee, R. L., and White, P. D.: A Clinical Study of the Coagulation Time of Blood, 
Am. J. M. Sc. 145:495, 1913. 

14. de Takats, G.: Thrombosis and Embolism, in Christopher, F.: Textbook of Surgery, 
ed. 3, Philadelphia, W. B. Saunders Company, 1941. Jacob, F.: Thrombosis and Embolism 
After Closed Injuries of the Limbs, Schweiz. med. Wehnschr. 73:117, 1943; abstracted, 
Internat. S. Digest 36:74, 1943. de Takats.* 
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These conditions are conducive to thrombosis, and gangrene may ensue unless 
measures are taken to inhibit occlusion in the vessels of the extremity. By means 
of in vivo anticoagulants the enhanced prothrombin clotting mechanism can be 
disrupted for any desired period without deleterious effects in the patient. In 
this manner proper physiologic circulation can be maintained until natural processes 
supervene. All of the patients because of their enhanced coagulation mechanism 
exhibited definite resistance to the effects of dicoumarin when compared with 
normal persons. Larger doses of the hemorrhagic compound were necessary to 
produce the same effect, and the period of duration was shorter. 

Heretofore, it was a matter of conjecture whether or not progressive gangrene 
would occur with consequent loss of an appendage. In the cases to be presented, 
it was predicated that the loss of the extremity was highly probable, but in no 
instance was it necessary to perform a major amputation following a crush injury. 


POST-TRAUMATIC CONDITIONS 


Experience has shown that gangrene may readily develop in extremities four 
to seven days after trauma that has resulted in lacerations and severe crushing 
injuries. It is well established that in extremities that have been caught in heavy 
machinery gangrene may develop in spite of the fact that they appear viable as 
long as seventy-two hours after the trauma. However, postoperative amputation 
was unnecessary in any of the 6 cases presented in this group. To date, 10 cases 
of crush injuries to extremities have been studied, with satisfactory results. No 
bleeding occurred as the result of the administration of the hemorrhagic compound. 
For four of the patients amputation of fingers appeared imminent on admission. 
However, the extremities were repaired surgically and therapy with dicoumarin 
was started immediately. The subsequent course of recovery was uneventful, and 
healing by first intention occurred. 


Course of Treatment——Each patient was first treated in the accident room, where the 
injured extremity was cleansed with soap and water, ether and solution of merthiolate. Fol- 
lowing admission, the patient was removed to the operating room and surgical repair carried 
out as indicated. In 2 cases the administration of heparin was begun by intravenous drip 
before recovery from anesthesia. A coagulation time of fifteen minutes was maintained for 
the venous blood for twenty-four hours. Dicoumarin was administered orally as soon as the 
patient was able to swallow. The prothrombin clotting time was determined on alternate 
days throughout the course in the hospital. The administration of dicoumarin was continued 
in 300 mg. doses until the prothrombin clotting time ranged between thirty and thirty-five 
seconds for undiluted plasma. An effort was made to maintain this level of decreased 
prothrombin activity, controlled by frequent determinations of plasma clotting time. In this 
manner, overdosage of the hemorrhagic principle was avoided as well as any consequent 
deleterious effects, such as purpura and hemorrhage. The response was found to be extremely 
variable but reasonably predictable for any single patient after the coagulation was disrupted. 


Case 1. Crushing injury of the left foot with deep pressure lacerations and beginning 
gangrene——A 52 year old white man was admitted to Mercy Hospital on April 19, 1943. 
The previous day a large moving truck ran over his left foot. Roentgen examination of the 
injured foot revealed a linear fracture of the cuboid bone without displacement and fractures of 
the distal ends of the second phalanges of the second, third, fourth and fifth toes. There was 
a displacement of the distal fragment of the fourth toe; otherwise the alinement was good. 
A deep pressure laceration was aseptically cleaned, sulfanilamide powder was placed in the 
wound, the edges were approximated with silk and antitetanus serum was given. 

The familial and the past history were without special bearing on the case except for an 
episode of typhoid several years prior to admission. Physical examination showed no abnor- 
mality except for the left foot, which was markedly swollen and ecchymotic. The third toe 
on the left foot was markedly cyanotic and felt colder than the remaining toes. The distal 
phalanx suggested beginning gangrene. Long lacerations were present on the dorsum of the 


foot, running parallel to the long axis of the foot and extending from about the tarsal region 
to the base of the toes. 
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The patient was given the usual care of rest in bed and elevation of the leg, and a heating 
cradle was placed over the extremities. Dicoumarin therapy was begun on April 20. See 
table 1 for the dosage and the response. On April 22 the foot was dressed: The distal 
phalanx of the third toe was black and cadaverous in appearance. Marked vesiculatiori 
appeared over the dorsum of the foot proximal to the bases of the toes. The dorsalis pedis 
artery was palpable. On April 24 the foot was redressed: The edges of the wound did not 
appear healthy; serous ooze was noted between the sutures, and several sutures were removed 
to allow drainage. The third toe was unchanged, while the second toe was cold and the color 
not good. It was felt that unless the clotting mechanism could be rapidly altered the foot 
distal to the site of trauma would become gangrenous. The response to dicoumarin was poor 
(table 1). Large doses of dicoumarin were then administered with satisfactory disruption 
of the clotting mechanism. The appearance of the foot gradually improved; the color of 
the second toe assumed a normal tint, and the edges of the wound regained their healthy 
appearance. The blisters on the dorsum of the foot disappeared, the epidermis desquamated, 
leaving a healthy normal skin beneath, and the swelling subsided. The distal phalanx of the 
third toe was definitely gangrenous, but the process did not extend beyond this point. On 
May 17, with the patient under anesthesia induced with pentothal sodium the distal phalanx 
of the third toe was removed and the skin closed over the stufnp. Uneventful recovery ensued. 
The patient was discharged May 29 as completely recovered. 


Comment: Undue caution was used in the administration of dicoumarin. 
After several days it was possible to maintain a constant clotting time of between 
twenty-five and thirty seconds for undiluted plasma until the danger of progressive 
gangrene appeared to be passed, at which time the level was purposely lowered. 
Subsequent similar cases have proved that the patient’s blood was kept at a pro- 
longed clotting time for a period longer than necessary. Too long a period elapsed 
between the date of injury and the appropriate prolongation of the prothrombin 
clotting time. Heparin was definitely indicated for this patient. He gave all 
evidence of an imminent gangrene of the distal part of the foot, which was appar- 
ently prevented by the use of dicoumarin. 


Case 2. Crushing injury of the left hand and partial amputation of the left index 
finger—A 28 year old white man was admitted to Mercy Hospital on June 21, 1943 with 
the complaint of having caught his hand in a mechanical roller. The injury resulted in 
incomplete amputation of the left index finger and multiple deep pressure lacerations on the 
dorsum of the hand, index and middle finger. Antitetanus serum was given and the patient 
taken to the operating room. With the patient under general anesthesia, the hand was surgi- 
cally cleansed. The index finger was sutured back in place, and the remainder of the repair 
of the hand was accomplished. 

The familial and the past history and the review of systems gave essentially negative 
information. Physical examination gave negative results except for the injury to the hand. 

Heparin was administered by intravenous drip before the patient recovered from the 
anesthetic. One liter of 0.9 per cent saline solution and 200 mg. of heparin was used and 
required eighteen hours for administration at the rate of 20 to 24 drops per minute. During 
this period the coagulation time of the whole blood was maintained at fifteen minutes. 
Dicoumarin (300 mg.) was given orally as soon as the patient was able to swallow. 

Although the main arterial supply of the index finger was not severed, the distal portion 
felt cold and appeared dusky. Two days postoperatively, the hand was dressed, and all 
the digits appeared viable. Normal warmth had returned to the severely damaged index 
finger. The patient was discharged on the seventh postoperative day. 


Comment: Under ordinary circumstances the index finger would have been 
amputated at operation, but in view of the interest in heparin and dicoumarin 
therapy in such injuries, the operator decided to repair the partially amputated 
finger. At this time it appeared that the index finger would not remain viable. 
After appropriate therapy, the expected result was obtained; namely, no digits 
were lost through amputation. Follow-up three weeks and five weeks later 
revealed uneventful improvement. This case clearly illustrates the efficacy of 
combined dicoumarin and heparin therapy in severe crush injuries. 
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Case 3. Crushing injury of the left hand with severe deep pressure lacerations—A 19 
year old white man was admitted to Mercy Hospital on June 4, 1943. Train wheels had 
crushed the patient’s left hand. All four fingers were split open from the tips of the fingers 
down to the bases. The middle finger appeared worse than the others, and the bones were 
crushed to a degree which made repair impossible. The middle finger was taken off down 
to the proximal phalanx. The ruptured palmar surface of the proximal phalanx was closed. 
The index and ring fingers were amputated at the junction of the middle and distal pha- 
langes, and the ruptured palmar surfaces were sutured. Five grams of sulfanilamide was 
sprinkled over the fingers. 

The family history, the past history and the physical examination were noncontributory. 

Heparin was administered by interrupted intravenous doses, and a coagulation time of 
fifteen minutes was maintained for twelve hours. Dicoumarin was given orally in two doses 
(table 1). The patient was discharged on the fifth postoperative day as improved. Sub- 
sequent follow-up revealed healing of the crushed hand by first intention. 


Comment: No subsequent amputations were necessary in this patient with 
a severe crush injury. The dicoumarin therapy was of short duration and appeared 
to be adequate. The impression obtained from this case was that the patient 


would have lost all four fingers back to the midpalm region if in vivo anticoagulants 
had not been used. 


Case 4. Crushing injury of the right hand with complete amputation of the index, middle 
and ring fingers at the metacarpal phalangeal joint—A white man aged 17 was admitted 
to Mercy Hospital on July 28, 1943 through the accident room after having caught his right 
hand in a stamping press; the index, middle and ring fingers had been completley amputated at 
the metacarpal phalangeal joint. The patient was taken to the operating room, and a plastic 
operation was done on the stump. 

A review of systems and physical examination gave essentially negative results except 
for the aforementioned injury. 

At operation it was noted that the thumb and the little finger were the only digits 
remaining on the hand. In order to make a viable stump, it was necessary to resect the 
metacarpal bones about two thirds of their length. This gave a fair stump, but the edges 
of the skin when sutured together were under more tension than was desirable. To cut 
back farther would have destroyed what little function the fifth finger might have and 
would have destroyed its blood supply completely. It was deemed advisable to accept the 
skin flap under tension and use dicoumarin with the hope that the tight flaps would remain 
viable. The hand was dressed on the second postoperative day, and there was no evidence 
of sloughing. However, the little finger was cold, and its color was not healthy. By the 
fourth postoperative day the color in the little finger had improved. There was slight 
vesiculation at the base of this finger, on the dorsum, and several small vesicles were noted 
just proximal to the stump on the dorsum of the hand. In the region of the third and 
fourth metacarpal bones the edges of the skin sloughed at the jine of stitches. There was 
no further evidence of gangrene. The patient was discharged on the tenth postoperative 
day with a viable stump. No further progress in the gangrene of the edges of the skin 
was noted. 


Comment: In this case the fingers were completely amputated by the accident, 
and to make a satisfactory stump having skin without any tension would have 
necessitated removal of the little finger and of all of the second, third and fourth 
metacarpal bones. Slight dissolution of tissue was noted along the part of the line 
of stitches where the tension of skin was most marked. After the stitches were 
removed in this area there was no extension of the gangrene. In spite of the fact 
that it appeared at first that the little finger would not remain viable, the end 
result gave a normally functioning digit. It was felt that a larger portion of the 
traumatized member would have been sacrified if dicoumarin therapy had not been 
used. A number of similar cases have been observed in which in the absence of 
in vivo anticoagulants the flaps became gangrenous and sloughed, necessitating a 
long period of hospitalization to allow healing by granulation and skin grafting. 
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Case 5. Severe lacerations and compound fracture of the left middle finger—A 74 year 
old white man was admitted to Mercy Hospital through the accident room Aug. 4, 1943. 
He had received such a severe injury to his left middle finger that only the palmar integu- 
ment was intact. The finger was sutured back in place and a splint applied. 


The family history, the past history and the physical examination gave negative infor- 
mation except for the aforementioned injury. 

The course of this patient in the hospital was uneventful except for one attack of nausea 
following the ingestion of dicoumarin. At this time it was thought that the hemorrhagic 
compound was lost, and another dose was administered the following day. However, a 
marked increase in the prothrombin clotting occurred (table 1). No bleeding from the wound 
took place. The patient was discharged on the seventh hospital day as improved. 


Comment: This patient had an injury that would obviously have involved an 
amputation on admission. Through the use of an in vivo anticoagulant, dicoumarin, 
normal physiologic circulation was obtained, and the injured finger remained 
viable. In addition, the case demonstrates the possibility of disrupting the coagula- 
tion mechanism to an extreme limit without hemorrhagic sequelae, i. e., hematuria, 
purpura, etc. 


Case 6. Crushing injury of the left hand with amputation of the distal phalanx of the 
index finger in an accident—A 32 year old Negro man was admitted to the accident room 
of Mercy Hospital on June 19, 1943 after having suffered a severe crushing injury to his 
left hand involving four fingers and the carpal and metacarpal regions of the hand. The 
injury was sustained while the man was riding on a truck which overturned; his hand 
was caught between the pavement and the truck. The distal phalanx of the index finger 
was completely amputated by the accident. The remaining fingers were severely crushed. 
There was a compound fracture of the middle phalanx of the ring finger. The patient was 
taken to the operating room for the purpose of amputating the third, fourth and fifth fingers. 


However, dicoumarin and heparin therapy was considered, and the macerated digits were 
repaired. 


The family history, the previous history and the physical examination gave entirely nega- 
tive information except for the aforementioned conditions. 

The patient made an uneventful recovery except for a slight secondary infection which 
appeared on the fifth finger on July 1. Continuous warm boric acid compresses were begun, 
and by July 4 the infection was completely cleared up. The patient was discharged on the 
following day as recovered. 


Comment: Combined heparin and dicoumarin therapy was used in this case, 
and the anticipated results were obtained. There was no evidence of gangrene 
in any of the fingers. There is no way of proving, however, that the blood supply 
in these fingers would not have been maintained even if dicoumarin had not been 
administered. Judging from similar cases seen prior to the availability of oral 
in vivo anticoagulants, we feel that the hemorrhagic principle dicoumarin was 
of definite value in maintaining the viability of the injured fingers. 


DIABETIC AND ARTERIOSCLEROTIC GANGRENE 


Dicoumarin was administered to 3 patients for diabetic gangrene and to 1 
patient for arteriosclerotic gangrene uncomplicated by diabetes, but associated with 
marked uremia. Two of the patients had a minimal amount of infection with 
marked arteriosclerosis (cases 7 and 8). One patient had a minimum of arterio- 
sclerosis and a maximum of infection (case 8). The case of arteriosclerotic 
gangrene complicated by uremia (case 10) graphically demonstrated the effect of 
poor renal function on the physiologic action of dicoumarin. Administration of the 
in vivo anticoagulant had to be discontinued because of the prolonged duration of 
the hemorrhagic effect from a single small dose. 

Chemotherapy was used with the hemorrhagic compound on the basis of the 
thesis outlined on an earlier page. In every case in the group a marked increase 
in prothrombin activity of dilute plasma was manifested. In these cases an effort 
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was made to maintain the inhibition of the coagulation mechanism during the 
inflammatory period. However, it is realized that other factors, such as infection 
and level of blood sugar, play a major role in aggravating the gangrenous con- 
dition. Other therapeutic agents, i. e., sulfathiazole and sulfadiazine, were used in 
conjunction with dicoumarin. Thus, two chemotherapeutic agents were used con- 
comitantly, one to check the harmful effects of invading organisms and the other 
to inhibit the coagulation mechanism of the blood and prevent thrombosis of 
peripheral vessels in the erythematous area. No antagonism between the two 
diverse chemical agents was observed as long as a good intake and output of 
fluids was maintained. Furthermore, no toxic effects were apparent from the 
dosages used. 


Course of Treatment—Dicoumarin was administered orally immediately after the patient’s 
admission to the hospital. The appropriate sulfonamide compound was used simultaneously 
to combat infection. An effort was made to maintain the prothrombin clotting time of 
thirty-five to forty-five seconds for undiluted plasma which has been found by us to be the 
optimum therapeutic level. Some deviations were encountered, but no bleeding from ulcer- 
ated areas took place. When the level of prothrombin activity was lower than desired, the 
administration of dicoumarin was stopped. Within twenty-four to thirty-six hours after 
cessation of dosage, an increase in coagulation activity was noted, and the administration 
of the hemorrhagic compound was resumed as indicated. 


Case 7. Diabetic gangrene of the left foot—A 66 year old white woman was admitted 
to Mercy Hospital on June 17, 1943 with an abscess of the left foot and beginning gangrene. 
Two weeks prior to admission she had run a nail into her foot. Although she was known 
to be diabetic, she had not been following her diet or using insulin. 

Physical examination showed a normal person except for the findings mentioned with 
regard to her foot. The left foot was swollen and edematous, with a puncture wound on 
the plantar surface showing definite abscess formation. The second and third toe manifested 
signs of beginning gangrene. 

The abscess was incised and drained on June 17. Oral administration of sulfathiazole 
was started on June 19 and was continued to July 7 (1 Gm. every four hours). Sodium 
tetrathionate was given intravenously in daily doses from June 20 to July 15. Administra- 
tion of dicoumarin was started on June 17 and continued throughout the course in the hos- 
pital. The diabetic condition was controlled by insulin and diet. On August 3 the patient's 
left leg was amputated below the knee. During the period in the hospital, tests for hepatic 
function were carried out, and no evidence of impairment was revealed. 

The patient was discharged as improved September 7. 


Comment: Dicoumarin, sulfathiazole and sodium tetrathionate, as well as the 
usual medications, were given concomitantly without untoward reactions in this 
patient. From these findings it might be concluded that there are no contraindi- 
cations for the use of dicoumarin in conjunction with the administration of 
sulfonamide compounds. Furthermore, this case demonstrates the fact that the 
hemorrhagic compound dicoumarin can be tolerated by patients for long periods 
without apparent toxic manifestations. 

On consultation, a midthigh amputation was recommended. However, amputa- 
tion below the knee was performed with satisfactory results, suggesting that the 
therapeutic principles formulated elsewhere in this paper yielded a predicted course. 

Case 8. Early diabetic gangrene of the fourth and fifth toes of the left foot in a patient 
with minimal arteriosclerosis—This patient was a 48 year old white woman, admitted to 
Mercy Hospital on June 25, 1943 with the complaint of infection of the left foot. She stated 
that the infection started two weeks prior to admission after the trimming of a corn on 
the fourth toe. The toe became progressively worse and began to change from a red to a 
purplish color. The third and fifth toes also showed signs of becoming involved. 

The family history was noncontributory; the previous history was relative only in that 
the patient had had diabetes mellitus for eight years. Evidence of beginning gangrene was 


present on the fourth and fifth toes of the left foot, extending for about 2 Cm. on the plantar 
and dorsal surfaces. Pus was seen exuding between the third and fourth toes. A fluctuant 
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swelling was observed on the dorsum of the foot extending to the third and fourth toes. 
The dorsalis pedis arteries were easily palpable in both feet. 

The patient was put at rest in bed. Incision and drainage were carried out, with the 
patient under anesthesia induced with pentothal sodium and administration of sulfathiazole 
and dicoumarin was begun. The foot was elevated and a heating cradle placed over the 
bed. The infection gradually cleared up, and frequent dry dressings were applied. On 
admission the blood sugar amounted to 217 mg. per hundred cubic centimeters. Roentgen 
study of the foot revealed destruction of the greater portion of the bone of the first phalanx 
of the fourth toe. During the subsequent weeks the flexor tendon of the fourth toe and 
part of the plantar fascia sloughed out. 

After several weeks, warm boric acid soaks were started and administered three times 
a day. Improvement continued, amputation was unnecessary, and normal color and sensa- 
tion returned to the involved toes. The patient was discharged on August 31, with almost 
complete healing. 

Subsequent follow-up in the outpatient department revealed that the foot was completely 
healed except for a small area on the dorsum at the metatarsal phalangeal junction of the 
fourth toe. 


Comment: This patient had beginning gangrene of the third, fourth ard fifth 
toes. Indications were present which predicated the loss of the fourth and fifth 
toes even with the aid of the in vivo anticoagulant. We feel that dicoumarin 
was a potent factor in the recovery of this patient without the loss of any toes 
or even of the entire leg. Conversely, the fact cannot be minimized that the 
patient had little or no arteriosclerotic changes, as indicated by palpable dorsalis 
pedis arteries in both feet. 


Case 9. Early diabetic gangrene of the second, third and fourth toes of the right foot.— 
A 54 year old white man was admitted to Mercy Hospital on July 28, 1943 with the com- 
plaint of an infected area on the plantar surface at the base of the third toe and marked 
discoloration of the great toe and of the second, third and fourth toes. The usual area of 
erythema and brawny induration preceding gangrene of the toes extended to the region of 
the ankle. The dorsalis pedis artery was not palpable. 

The family history and the past history were noncontributory. 

Physical examination gave essentially normal results except for the beginning gangrene of 
the second and third toes. 

The patient was put at rest in bed, and a heating cradle was placed over the feet. The 
temperature was 103 F. on admission, and the blood sugar level was found to be 222 mg. per 
hundred cubic centimeters. Oral administration of dicoumarin and sulfathiazole was begun. 

Immediate improvement was not observed. The gangrene progressed, involving the entire 
third toe and about 2 cm. along the dorsum of the foot. For several days the appearance 
of the foot indicated that the great toe and the third toe would be lost since they became 
cyanotic and cold. Furthermore, marked difficulty was experienced in controlling the diabetic 
condition, and it was found that the patient was accepting additional food brought to him 
by his family and friends. 

After seven to eight days improvement was noted in the foot. The erythematous area 
began to recede; the first, second and fourth toes began to regain their normal color. 
About three weeks after admission the third toe was removed without anesthesia, and there 
was no further extension of the gangrenous process. At the time of writing the patient is 
still confined to the hospital. However, the reparative processes have reached a point 
which suggests uneventful recovery and discharge from the hospital in the near future. 
This patient will be followed in the outpatient department at the time of further dressings. 


Comment: This patient has been a problem throughout his stay in the hospital. 
He has repeatedly broken his diet and during his period of convalescence has been 
walking on his affected foot against the advice of the attendants. We feel that 
even less tissue might have been lost had it been possible to control the diabetic 
condition more effectively. This patient was a potential candidate for a midthigh 
amputation. Dicoumarin therapy was effective in maintaining physiologic circu- 
lation in the affected member and undoubtedly inhibited the gangrenous process. 


Case 10. Arteriosclerotic gangrene of the right foot with infection—A 68 year old 
Negro man was admitted to Mercy Hospital on March 9, 1943 because of gangrene involv- 
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ing the right great toe and extending up to the tarsal-metatarsal region. There was marked 
suppuration around the great toe nail. The dorsalis pedis and the posterior tibial artery 
were not palpable in either foot. There was marked evidence of generalized arteriosclerosis. 
The patient was mentally confused on admission, and the history was meager. The patient's 
wife stated that her husband had an ingrown toe nail which became infected. That he had 
uremia was corroborated by laboratory findings: The blood urea was 120 mg. per hundred 
cubic centimeters. 

Physical examination revealed a Negro man who appeared older than his stated age. 
He had marked dental caries. There was cardiac enlargement with a mitral systolic mur- 
mur. He was extremely restless and uncooperative. The right foot was markedly swollen 
and obviously partly gangrenous. Accompanying his other conditions, he had marked priapism 
which lasted for about ten days. 

After his admission, appropriate supportive therapy was begun. Copious fluids were 
administered intravenously, resulting in gradual lowering of the blood urea ievel, which 
approached normal limits after a period of two weeks. However, the general condition 
remained critical. Sulfathiazole was administered in therapeutic doses. Dicoumarin was 
started but was discontinued after the first dose because of the prolonged effect obtained 
from a single dose (table 1). Impairment of the liver was evidenced by clinical jaundice 
and a strongly positive cephalin flocculation test. The factors involved in the damage to the 
hepatogenous tissue are conjecturable. It was thought that dicoumarin was not contributory. 

On March 27, amputation was performed at the junction of the middle and upper thirds 
of the lower part of the right leg. Spinal anesthesia was used. The vessels were found 
to be markedly thrombosed. Slight sloughing occurred along the line of stitches, and heal- 
ing was slow. The patient was discharged on the sixty-seventh hospital day as improved. 

The patient was seen two months after discharge, and the stump was well healed. 


Comment: Table 1 shows that after a 300 mg. dose of dicoumarin the pro- 
thrombin clotting time remained elevated for nine days. During this period uremia 
was at its highest peak. Following improvement of the uremic condition, how- 
ever, the clotting mechanism of the blood returned to normal. This case illustrates 
the role of renal impairment on the effect of dicoumarin. 


FROSTBITE 

During the early phases of the present investigation, a case of bilateral gangrene 
of the feet following prolonged exposure to cold was studied. This case furnished 
the stimulus for the formulation of the thesis aforementioned. It occurred to us 
at that time that if we could interfere with the coagulation mechanism of the blood 
and prevent formation of clot in the peripheral vessels distal to the site of trauma 
and in the frostbitten extremity, we could prevent the anticipated gangrene. The 
patient exhibited severe frostbite and beginning gangrene in all of the toes of 
both feet. Trophic ulcerations of the pads of the toes were present. 

Following dicoumarin therapy, the extension of the gangrene was checked. 
On the basis of previous experience we are inclined to believe that gangrene 
would have extended sufficiently to necessitate the amputation of both feet. Whether 
or not this procedure would have been necessitated is conjecturable, but the 
fact that amputation was unnecessary is most encouraging. Although only 1 
case of frostbite has been studied, significant principles of treatment with in vivo 
anticoagulants were revealed. On these principles all subsequent chemotherapy 
for trauma and gangrene was based, and the anticipated results were obtained. 
It was this case that suggested the use of in vivo anticoagulants in the prevention 
of other types of gangrene. 

Course of Treatment.—Following the patient’s admission to the hospital, dicoumarin was 
administered orally in daily doses but smaller doses than the individual doses for subsequent 
cases (table 1). The coagulation mechanism of the blood was rapidly disrupted, and bleed- 


ing was observed from the ulcerated areas. This case was among the earliest in which 
dicoumarin therapy was tried, and it is felt that lack of experience in the control of a 
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disrupted prothrombin mechanism was responsible for the hemorrhagic effects obtained. 
These observations, however, bear out the results of other investigators.® 


Case 11. Frostbite and beginning gangrene of the toes of both feet—A 40 year old 
Negro man was admitted to Mercy Hospital on Dec. 23, 1942 with the complaint of pain 
and swelling in his toes. He stated that pain started following prolonged exposure to cold 
while he was working outdoors in wet boots. 

The family history and the previous history were noncontributory. 

Physical examination revealed a well developed, fairly well nourished Negro man who 
was apparently in extreme discomfort. Both feet and toes were swollen, and there were 
large bullae on the dorsa of the feet and toes and on the plantar surfaces of the toes. There 
was good pulsation in both dorsalis pedis arteries. Both feet were exquisitely painful and 
tender. 


The patient was placed at rest in bed, and a heating cradle was placed over his legs. 
Oral administration of dicoumarin and sulfathiazole was begun. On December 24 and 26 
a lumbar sympathetic block was performed for its peripheral vasodilating effect. Continuous 
boric acid compresses were started. 

On December 28 the feet began to bleed from ulcerations which occurred on the plantar 
surfaces of the toes. Large doses of a synthetic compound with vitamin K_ activity 
(menadione bisulfite [hykinone]) given parenterally were of no avail. However, by Decem- 
ber 31 the patient had completely stopped bleeding. His hemoglobin concentration had 
fallen to 33 per cent. Bank blood (500 cc. of citrated blood) was given, and administration 
of a preparation of liver extract with thiamine hydrochloride and ferrous sulfate was begun. 
The hemoglobin concentration gradually returned to normal, and the feet progressively 
improved. The blisters on the dorsum of the foot broke, and the epithelium regenerated. 
The ulcerated areas on the pads of the toes slowly epithelized. It was necessary to remove 
only the distal phalanx of the right little toe. During the course in the hospital practically 
all of the epidermis of the dorsal and plantar surfaces of both feet sloughed away without 
scarring. The patient was discharged Feb. 5, 1943 as improved. 

Comment: This patient was the first in our entire series to be treated with 
dicoumarin. Because of insufficient experience with the drug at this time, we 
disrupted the coagulation mechanism too rapidly. However, progressive gangrene 
of the toes and feet did not supervene as one might expect from experience with 
similar cases. The patient was seen six months later and was found to have 
good function in both feet. His only complaint was that his feet were somewhat 
painful at times and that he felt that he had to wear shoes too large for him for 
adequate comfort. The results obtained in this case with the hemorrhagic com- 
pound dicoumarin suggest a valuable field of investigation replete with efficacious 
therapeutic possibilities. 

SUMMARY AND CONCLUSIONS 


In the search for clinical applications of dicoumarin other than those already 
reported in the current literature, namely, thrombophlebitis and inhibition of 
embolic phenomena, we directed our efforts to trauma and various types of gan- 
grene. With this consideration in mind, one’s thoughts naturally turned to war 
with its consequent trauma and to industry with its stepped-up production, in 
which men, often inexperienced, are using powerful machinery with the result 
that many fingers and toes are lost that might be saved by the use of in vivo 
anticoagulants. 


The principles of chemotherapy have been outlined and found to yield the 
anticipated results in post-traumatic arteriosclerotic and frostbite gangrene. Strong 
indications have thus been obtained that prevention of the extension of already 
well established gangrene and prevention of the development of gangrene in post- 
traumatic cases can be accomplished. Without exception, all cases exhibited 
increased prothrombin activity, detectable in dilute plasma. This finding suggests 
an indication for the administration of hemorrhagic compounds to alter biochemical 
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conditions favoring thrombus formation. It is realized, however, that much addi- 
tional information is necessary to support the principles outlined. 

The use of in vivo anticoagulants (dicoumarin) in the treatment of patients 
with granulating and ulcerative lesions is not contraindicated if caution and ade- 
quate control are exercised. In this connection, too much emphasis cannot be 
placed on the value of frequent determinations of the prothrombin clotting time 
as an index to dosage. No set dosage for dicoumarin was found for the patients 
in the series of cases presented. In some the clotting mechanism was found to 
be refractive, and therefore they required much larger doses than others. 

No contraindications were found when sulfonamide compounds and the hemor- 
rhagic agent (dicoumarin) were used concomitantly if average normal renal and 
hepatic function were present. Table 2 presents a summary of the total doses of 
dicoumarin and sulfonamide compounds used. No evidence of hepatic damage 
following long periods of oral administration of the hemorrhagic compound was 
demonstrable by any available test.*™ 

One patient (case 10) was treated by amputation below the knee since it 
was feared that he could not withstand the shock of midthigh amputation. This 
one instance suggests that the time-honored procedure of midthigh amputation 
in a patient with arteriosclerotic and diabetic gangrene of the toes may be sup- 
planted by amputation at a site of election below the knee if dicoumarin is admin- 
istered. This thesis was supported in another patient (case 7) whose leg was 
amputated below the knee for diabetic gangrene of the toes. 


Colonel Walter Wise and Dr. Henry T. Collenberg gave advice and Miss Elizabeth J. 
Curtis technical assistance throughout this investigation. 


The dicoumarin used in this investigation was supplied by the Abbott Laboratories of 
Chicago. 


Roche-Organon Inc., Nutley, N. J., furnished the heparin preparation used (liquaemin). 





TOXICOPATHOLOGIC STUDIES ON THE DYE _ T-1824 
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Evans blue or dye T-1824 is an azo dye produced by an interaction of o-tolidine 
with Chicago acid (1l-amino-8-naphthol-2,4-disulfonic acid) and has a molecular 
weight of 960 (Gregersen and Rawson,’ Rawson’). It has been used for a 
number of years by numerous workers for the determination of total plasma volume 
in man and experimental animals * and has been tried in the treatment of experi- 
mental cancer.* In spite of the relatively extensive administration of this dye, 
almost nothing is known concerning its toxic properties. 


The experiments to be reported were undertaken for the purpose of providing 
at least some fundamental data on this aspect. 


EXPERIMENTAL PROCEDURE AND OBSERVATIONS 


The dye used was synthesized by Dr. C. Lischer, of the Warner Institute for Therapeutic 
Research, and was purified so as to conform with the standards established for this dye by 
Gregersen, according to spectroscopic methods. In accordance with the purpose of the experi- 
ment, a sterile 0.5 per cent aqueous solution of T-1824 was injected intravenously into dogs, 
cats, rabbits and rats for the determination of an approximate single lethal dose and the 
symptomatic and anatomic toxic manifestations. 


Intravenous Injection of Dye T-1824 into Dogs—Six dogs weighing from 8.15 to 10.9 Kg. 
received into the jugular vein one injection of the 0.5 per cent dye solution. One dog (1) 
was given 1 cc. per kilogram, 2 dogs (2 and 3) 3 cc., 1 dog (4) 5 cc., 1 dog (5) 10 cc. and 
1 dog (6) 25 cc. Dog 6 died seventeen hours later, after an attack of vomiting and diarrhea 
with expulsion of bluish-colored material shortly after the administration of the dye. Dog 5 
died five weeks and dog 3 died approximately seven weeks after the injection. The other 
3 dogs of the series survived and were put to death by an intravenous injection of a 4 per 


From the Warner Institute for Therapeutic Research. 

1. Gregersen, M. I., and Rawson, R. A.: The Disappearance of T-1824 and Structurally 
Related Dyes from the Blood Stream, Am. J. Physiol. 138:698-707, 1943. 

2. Rawson, R. A.: The Binding of T-1824 and Structurally Related Diazo Dyes by 
Plasma Proteins, Am. J. Physiol. 138:708-717, 1943. 

3. (a) Gibson, J. G., and Evans, W. A.: Clinical Studies: Clinical Application of Method 
Employing Azo Dye “Evans Blue” and Spectrophotometer, J. Clin. Investigation 16:301- 
316, 1937. (b) Gregersen, M. I., and Gibson, J. G.: Conditions Affecting Absorption Spectra 
of Vital Dyes in Plasma, Am. J. Physiol. 120:494-513, 1937. (c) Price, P. B., and Long- 
mire, W. P.: The Use of T-1824 in Plasma Volume Determinations, Bull. Johns Hopkins 
Hosp. 71:51-83, 1942. (d) Crooke, A. C., and Morris, C. J. O.: Determination of Plasma 
Volume by Evans Blue Method, J. Physiol. 101:217-233, 1942. (e) Davis, L. J.: Deter- 
mination of Plasma Volume in Man with Evans Blue (T-1824), Edinburgh M. J. 49: 
465-483, 1942. (f) Cardozo, E. L.: Determination of Plasma Volume by Means of Blue 
Dye T-1824, Nederl. tijdschr. v. geneesk. 83:5357-5362, 1939. (g) Gregersen, M. I., and 
Schiro, H.: Behaviour of Dye T-1824 with Respect to Its Absorption by Red Blood Cells 
and Its Fate in Blood Undergoing Coagulation, Am. J. Physiol. 121:284-292, 1938. (h) 
Gregersen, M. I.; Gibson, J. G., and Stead, E. A.: Plasma Volume Determination with 
Dyes: Errors in Colorimetry; Use of the Blue Dye T-1824, ibid. 113:54-55, 1935. (i) 
Dawson, A. B.; Evans, H. M., and Whipple, G. H.: Blood Volume Studies: III. Behavior 
of Large Series of Dyes Introduced into the Circulating Blood, ibid. 51:232-256, 1920. 

4. Brunschwig, A.; Schmitz, R. L., and Clarke, T. H.: Intravital Staining of Malignant 
Neoplasms in Man by Evans Blue, Arch. Path. 30:902-907 (Oct.) 1940. Duran-Reynals, F.: 
Studies on Localization of Dyes and Foreign Proteins in Normal and Malignant Tissues, 
Am. J. Cancer 35:98-107, 1939. 
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cent formaldehyde solution almost six months after the treatment. During this period no 
consistent effect on the weight curve was apparent. After the injection of doses of 3 cc. and 
5 cc. per kilogram the dye was eliminated with the urine for at least seven days, and after 
the administration of 10 cc. per kilogram for more than twelve days, according to the visible 
staining of the urine. 

The autopsy of dogs 1, 2 and 4 resulted in the following observations: No abnormal 
conditions were present in dog 1, which received the smallest dose of the dye. In dogs 2 
and 4 a bluish discoloration was found in the testes, the inguinal lymph nodes, the con- 
nective tissue of the prostate gland and neck of the bladder, the adrenals, the intestinal wall, 
the renal cortex, the adventitia of the aorta, the pituitary gland and the lungs. In the 
lungs the bluish color appeared in the form of a fine stippling. The other organs were 
grossly normal. 

The postmortem examination of dogs 3 and 5, which died five and seven weeks, respec- 
tively, after the injection, revealed lungs with large dark red hemorrhagic and grayish 
indurated pneumonic areas. In dog 3 a hemorrhagic exudate was present in the pleural and 
peritoneal cavities and a fibrinopurulent exudate in the pericardial cavity. The endocardium 
was discolored bluish, as were the adventitia of the aorta, the liver, the spleen, the renal 
cortex, the adrenal glands, the intestine and the testes. The brain was not discolored, while 
the meninges showed a slight bluish tinge. The testes were small. The autopsy of dog 6 
showed greenish blue staining of thoracic and abdominal organs. There was an intensely 
blue fluid in the abdominal cavity, and some bluish liquid in the stomach. The gray sub- 
stance of the brain had a bluish tint, while the white matter was unstained. The meningeal 
membranes were blue. 

Histologic studies were made of the organs of dogs 2, 3, 4 and 5. The organs of dogs 2 
and 4 were in general normal with the exception of the liver and the kidneys, which revealed 
degenerative parenchymatous lesions. The testes of both dogs showed some partially collapsed 
and degenerated seminiferous tubules. The retroperitoneal lymph nodes of dog 4 exhibited a 
broad fibrohyaline network, in the meshes of which large round cells loaded with a brown 
pigment were found. The aorta of this dog revealed a definite mucoid imbibition of the 
inner media, covered by small, circumscribed hyaline intimal cushions, and a larger area of 
hyalinization in the outer media. 

In dog 3, which received 3 cc. per kilogram, the lung showed hemorrhagic edema and 
the aorta considerable subintimal edema of the media and small hyaline foci between atrophic 
muscle cells beneath the endothelium (fig. 1A). There was complete arrest of spermato- 
genesis in the testes, associated with some collapsed, atrophic tubules and tubules containing 
a few spermatic giant cells among the desquamated epithelial cells. In dog 5 large pneumonic 
and hemorrhagic areas were found in the lung. The leukocytes were mainly of the large 
mononuclear type. The aorta revealed a small hyaline intimal cushion (fig. 18). Large 
amounts of brown pigment were present in the phagocytes of the spleen and the lymph nodes. 
The spermatogenic tubules of the testes were completely atrophic and usually collapsed. 
They were lined in general only by Sertoli’s cells and a few spermatogonia. The basement 
membrane was a thick hyaline band. The other organs (brain, hypophysis, heart, adrenal 
gland, liver, intestine, pancreas, lymph nodes, kidney) were essentially normal with the excep- 
tion of mild degenerative changes in the renal tubules. 

Intravenous Injection of Dye T-1824 into Cats—Twenty-one cats were used in the experi- 
ment, 9 of which were studied histologically. Three cats received into the femoral vein 1 cc. 
per kilogram of a 0.5 per cent solution of T-1824, 6 cats 3 cc., 4 cats 5 cc., 4 cats 10 cc. and 
4 cats 20 to 40 cc. The cats which received 10 cc. or more per kilogram vomited soon after 
the injection, sometimes repeatedly with the higher doses, and had diarrhea. The dye was 
excreted visibly in the urine and feces for two to four days. The mortality rates and survival 
times are illustrated in table 1. 

The table shows clearly that the mortality rate depends directly on the dose, being 
100 per cent in the series receiving 10 cc. or more per kilogram. A similar relation may be 
noted in regard to the length of survival of the animals that died from the effects of the 
dye injected, as all animals subjected to the high doses died either within a few hours (3 
within two hours) or within periods up to fourteen days, while in the majority of the animals 
given the low doses that died death was much delayed. 

The cats which died within two hours after the injection of the dye solution showed a 
blue discoloration of the entire organism including the skin, the subcutaneous tissue, the oral 
mucous membranes, the gastrointestinal tract, the liver, the spleen, the lymph nodes, the pan- 
creas, the adrenal glands, the kidneys, the bladder, the heart, the periaortic connective tissue, 
the meninges, the lungs and the gray matter of the brain; the white matter of the brain 
was unstained. The blood serum and the saliva were also blue. There was no dye in the 
bile or the urine. 
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Fig. 1—A, subendothelial hyaline thickening and necrosis of the aorta; B, cushion-like, 
hyaline intimal thickening of the aorta. 
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Similar observations were made on the animals which died within two to fourteen days. 
The internal organs had still a distinctly blue color. The gray matter of the brain was blue 
in some animals, in others it was unstained, whereas in a third group a bluish tracing 
corresponding to the cerebral vascular network was visible. The choroid plexus was blue. 
The thymus, the uterus and the ovaries, as well as the cartilage of the ribs, were deep blue. 
The lungs of several animals were edematous. There was a hemorrhagic exudate in the 
pleural cavities of 2 animals. One of these had also a greenish ascitic fluid. Another animal 
had extensive subepicardial hemorrhages involving especially the apex and the region of the 
left ventricle. 

In the third group, with delayed death (six to ten weeks), the skin, particularly that of 
the ears, and the visible mucous membranes were still distinctly blue, as were most of the 








Fig. 2.—Marked vacuolar degeneration and dissociation of the liver cells. 


TABLE 1.—Death and Survival Rates of Cats Given an Intravenous Injection 
of T-1824 Solution 








Dose per kilogram 


1. Death in 1 to 24 hours 

2. Death in 1 to 2 weeks 

3. Death in 6 to 10 weeks 

4. Survival 
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internal organs. The lung of one cat was edematous and hemorrhagic and that of a second 
was collapsed and brownish. Hemopericardium and hemorrhages into the ventricular wall 
were observed in one of these cats, while in a second fibrinous pericarditis was found. 
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Of the 5 cats which were killed six months after the injection, 3 revealed no traces of 
the dye, 1 showed a greenish cast to the liver, while in the fifth cat the pituitary gland, the 
ovaries and the periaortic fat tissues were still distinctly blue, and the liver, the renal cortex, 
the gastrointestinal tract and the adrenal glands had a greenish cast. The ears were green- 
blue, and the claws were greenish at the base. 


The histologic examination of the organs of 4 cats which died one to ten weeks after the 
injection of the dye showed in all instances moderate to severe damage of liver cells ranging 
from severe edema and congestion to marked vacuolation with partial disintegration and com- 
plete absence of nuclei (fig. 2). The tubular epithelium of the kidney was highly vacuolated. 
Hemorrhages and small necroses or abscesses were present in the myocardium of 2 cats. 
The brain showed a loss of nuclei in large ganglion cells and lysis of the Nissl substance in 
centers of the medulla oblongata. The other organs were essentially normal. Similar but 
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Fig 3.—Swelling and cellular proliferation in a myocardial artery. 


TasLe 2.—Death and Survival Rates of Rabbits Given an Intravenous Injection of T-1824 








Dose per kilogram 1 ce. 3 ce. 5 ec. 10 ee. 
Death in 1 to 24 hours 0 11% 0 


2 to 14 days 12% 33% 50% 
Rs os i cckschcackavedsecebenkenss 22% Y 0 


Survival 33% ; 50% 
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killed six months after the injection of the dye. The organs of the other 2 animals of this 
group were normal. 


less extensive and advanced hepatic, renal and cardiac lesions were found in 2 of the 5 cats 
































Fig. 5.—Considerable atrophy of the seminiferous tubules with lymphocytic infiltration and 
congestion of the interstitial tissue. 
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Intravenous Injection of Dye T-1824 into Rabbits—Twenty-seven rabbits were given an 
intravenous injection of a 0.5 per cent Evans blue solution. Histologic examinations were 
made of the organs of 9 of these rabbits. Eight rabbits received’1 cc. per kilogram, 9 rabbits 
3 cc., 6 rabbits 5 cc. and 4 rabbits 10 cc. The dye was not demonstrably excreted in an 
unchanged form in the urine and the feces. The toxicity of the dye to rabbits is illustrated 
in table 2, which gives the death rates and survival times. 


The relation between the dose of dye administered, on the one hand, and the mortality 
rate and the survival time, on the other, is not quite as clearcut as in the cats. Nevertheless, 
the series receiving 10 cc. per kilogram showed the highest number of early fatal reactions. 


Of the rabbits given 3 cc .per kilogram, those which died within two hours after the 
injection showed at autopsy a large cheesy abscess in the mediastinum, involving the peri- 
cardial sac. The internal organs as well as the skin and the mucous membranes were deeply 
blue. Death evidently was caused by an aggravation of the existing circulatory disturbances 
ensuing from the injection of the dye. 


The rabbits which died within two to fourteen days after the administration of the dye 
had intensely blue internal organs, skin and mucous membranes. The brain was unstained ; 
the meninges were blue. The lungs were congested and edematous and in some rabbits 
showed hemorrhagic areas or were surrounded by fibrinous pleurisy. The left side of the 
heart was contracted, and the right, which was discolored bluish, was dilated. The axillary 
and auricular lymph nodes were blue, as were the liver, the stomach, the intestine, the spleen, 
the adrenal glands, the kidneys, the blood vessels and the cartilage of the ribs. The testes 
were small, flabby and deep blue. 


In the group of 7 rabbits which died two weeks to three months after the injection 3 
showed at autopsy a cheesy abscess in the mediastinum, involving the pericardial sac or the 
lung. The lungs were congested and showed hemorrhagic areas. The renal cortex was 
slightly blue or slate blue. The liver was turbid and slightly blue in 2 rabbits, as was the 
cartilage of the ribs, the aorta, the spleen and the intestine. The testes of one of these 2 
rabbits were distinctly blue. The other organs were of normal color and appearance. 


In the group of 10 rabbits which were killed five to eleven months after the injection 
1 exhibited slightly bluish skin and mucous membranes, while in 2 others the upper incisor 
teeth were distinctly blue. The testes were recorded as small and flabby in 2 rabbits. All 
other organs were grossly normal. 


The histologic changes observed in the organs of these various groups were similar to 
those recorded for the corresponding groups of cats. The animals which died two days or 
more after the injection showed a loss of the nuclei in large ganglion cells of the brain stem 
and the medulla oblongata, associated with lysis of the Nissl substance. In several instances 
small accumulations of glia cells were noticed. The lungs were often edematous and con- 
gested and contained hemorrhagic areas. In 2 instances there was a concentric fibrous 
thickening of the intima of the larger and medium-sized intrapulmonary branches of the pul- 
monary artery. Small myocardial necroses or hyaline degenerations, together with fibrous 
scars and swelling and cellular proliferation in the wall of myocardial arteries, occurred in 
several animals (fig. 3). The liver often exhibited edema, congestion and sometimes degen- 
eration or necrosis of liver cells. The renal tubules were usually more or less degenerated. 
In 2 rabbits there was marked hyaline thickening of the glomerular septums with degenera- 
tion of the cellular elements, while the distended cortical tubular lumens contained large 
albuminous casts (fig. 4). Similar hyaline deposits forming coarse networks in and around 
the follicles were present in the spleens of these animals. The testicular tubules of the 
4 male rabbits of this group showed varying degrees of degenerative changes. These con- 
sisted of extensive atrophy of the seminiferous epithelium with collapse of the tubules, which 
were lined in such instances only by spermatogonia and Sertoli’s cells, and, in 2 instances, 
of a hyaline thickening of the basement membrane surrounding almost obliterated, empty 
lumens (fig. 5). The interstitial tissue was increased in amount in 2 instances and con- 
gested in 2 others. 


Intravenous Injection of Dye T-1824 into Rats—A 0.5 per cent solution of T-1824 was 
injected into the tail vein in 20 rats. Five of these rats received 1 cc. per kilogram, 5 rats 
3 ce., 5 rats 5 cc. and 5 rats 10 cc. None of the rats of the first two groups died as the 
result of the treatment. These rats were killed five to six months later. Of the 5 animals 
belonging to the third group (5 cc. per kilogram), 1 died one month after the injection, 
while 2 of the fourth group died within three months after the administration of the dye. 
The survivors were killed six months later. The rats tolerated the dye without any apparent 


immediate untoward effect and showed increase in weight during the observation period of five 
to six months. 





24 ARCHIVES OF SURGERY 


The autopsy of the animals which died showed a blue subcutaneous tissue, particularly 
in the tail, and definitely blue internal organs. Particularly the testes and epididymides 
were distinctly blue. The lungs were hemorrhagic. The glandular part of the gastric mucosa 
was blue, while the squamous cell portion was unstained. The brain showed bluish spots 
only within the vascular network. The postmortem examination of the rats which were 
killed often revealed the testes and epididymides to be colored blue or green. The adrenal 
glands sometimes had a bluish cast. 

The histologic examination of the organs of the rats which died from the toxic action of 
the dye disclosed congestion of and hemorrhages into the brain, which were occasionally 
associated with pyknosis of Purkinje’s cells. The lungs were edematous and congested and 
contained hemorrhagic or pneumonic foci. The pulmonary arterioles of one rat had swollen 
and partly hyaline walls. There was often congestion or even interstitial edema of the 
myocardium, which was accompanied in one instance by a scanty accumulation of leukocytes, 
while in a second case purulent pericarditis was found. The aorta was normal. The liver 




















Fig. 6—Complete degeneration of the epithelium of the seminiferous tubules with massive 
calcium concretions in the empty tubular lumens. 


usually showed congestion and some degree of liver cell degeneration. The seminiferous 
epithelium of the testes was desquamated and atrophic in several instances and contained 
multinucleated giant cells. 


The organs of the rats which were killed were in general normal with the exception of 
the testes. In about 50 per cent of the 14 examined rats these exhibited more or less severe 
degenerative lesions of the epithelium of some, many or all of the seminiferous tubules, such 
as almost complete loss of the cellular lining, collapse of the tubules with hyaline thickening 
of the basement membrane, large and numerous calcium concretions in the lumens and once in 
the vascular walls (fig. 6). 

Inasmuch as these testicular lesions were of definite interest, especially as they appeared 
as early and late manifestations in testes which had retained an appreciable amount of dye 
over a period of five to six weeks and were found in dogs, rabbits and rats, 25 male rats, 
4 months old, were given two intraperitoneal injections of 1 cc. of a 1 per cent dye solution. 
There was an interval of three days between the two administrations. Seventeen of the rats 
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died within fourteen days, and the 8 survivors were then killed. The organs, including the 
testes, were deep blue in all animals. The histologic examination of the testes of these 25 
rats showed that 43 per cent had a degenerative testicular lesion, which was moderate to 
severe in 23 per cent of the 25 rats, indicating that an actual toxic effect of the dye was 
present, as testicular degenerations occur spontaneously only relatively rarely in rats of this 
age and are then usually of minor degree (Hueper). 


COMMENT 


The experiments indicate that the minimal lethal dose of T-1824 given as a 
single intravenous dose of a 0.5 per cent solution is 10 cc. per kilogram for dogs and 
cats. The dose is apparently somewhat higher for rabbits, as only 50 per cent 
of the rabbits died after the intravenous injection of 10 cc. per kilogram, and is 
evidently still higher for rats, of which 40 per cent died after such a dose. It is 
characteristic for the action of the dye that, because of its prolonged retention in 
the various organs, it may cause death after a delay of several weeks or even months. 
This observation is of importance in adjudging the toxic qualities of the dye, 
as the claim has been made that even large amounts of the dye are not toxic (Gibson 
and Gregersen °; Price and Longmire **). The immediate toxic effects after intra- 
venous injection of the dye consist of vomiting, diarrhea and prostration. The 
demonstrable excretion of the dye with the urine and the feces ceased two to four 
days after the injection. While Price and Longmire ** demonstrated its presence 
in the bile of dogs, none was found in the bile of the cats studied. 

Among the vitally important organs the heart, the liver and the lungs are 
the most severely damaged and show cellular degenerations and necroses, usually 
in association with increased vascular permeability (edema, hemorrhage, cellular 
exudation). Less extensive injury is present in the brain and the renal tubules. 
Among the significant acute as well as chronic lesions degenerative changes of the 
spermatogenic epithelium of the testicular tubules is a common and striking feature. 
It may be possible also that the hyaline deposits found in the glomeruli and spleens 
of several rabbits are related to some interaction of the dye with plasma proteins, 
as Rawson? has shown that eight dye molecules combine with one serum albumin 
molecule and thereby evidently change its size, shape and diffusibility. Gregersen 
and Rawson? stated that the dye-serum albumin combination diffuses from the 
blood stream at approximately the same rate as antibody globulin and maintains 
this bond when present in the tissue fluids. Whether or not the degenerative medial 
and sclerotic intimal changes found in the aorta and the pulmonary arterial 
branches of some of the dogs, rabbits and rats are connected with such a plasma 
protein disturbance remains uncertain but not improbable. 


SUMMARY AND CONCLUSIONS 


The dye T-1824 (Evans blue) exerts a lethal effect on dogs and cats when 
introduced intravenously as a 0.5 per cent aqueous solution in amounts of 10 cc. 
per kilogram. The injection of smaller doses by this route (3 cc. and 5 cc. per 
kilogram) may cause delayed death in some of the animals thus treated. 

The mortality rate and the survival time are a function of the dose. 

Death occurring several weeks to months after the introduction of doses not 
causing acute death (within one to two days) is related to the prolonged retention 
of appreciable amounts of the dye in the tissues of various organs, particularly 
the testis, the epididymis, the adrenal glands, the liver, the kidneys, the periaortic 
connective tissue, the teeth and cartilage). 


5. Gibson, J. G., and Gregersen, M.: Toxicity of Two Vital Dyes Used in Plasma 
Volume Determinations, Am. J. Physiol. 113:50, 1935. 
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The heart, the liver, the lungs and the testes show the most marked degenerative 
effect of the dye, while the brain and the kidneys exhibit less severe regressive 
lesions, the development of which is associated with increased vascular permeability. 


The clinical administration of the dye in amounts of 5 cc. of a 0.5 per cent or 1 
per cent solution to the individual patient is apparently a safe procedure. However, 
the occurrence of late fatalities among animals given 1 cc. per kilogram of a 0.5 per 
cent solution is an indication that caution should be exercised with the repeated 
administration of this dye to human beings so as to avoid possible toxic effects. 


113 West Eighteenth Street. 
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THE GOITER HEART 


AN EXPERIMENTAL STUDY 


C. ALEXANDER HELLWIG, M.D. 
WICHITA, KAN. 


While it is generally believed that cardiac disturbances in patients with goiter 
are caused by hyperthyroidism, attention has been called recently to heart disease 
in goitrous patients who do not present symptoms of increased thyroid function. 
Davison’ designated this condition as “masked hyperthyroidism.” He assumed 
that adenomas are for years spilling over into the circulation toxic products which, 
though not sufficient to produce an increase of the basal metabolic rate at any time, 
cause low grade toxemia which ultimately produces heart disease. 


Hertzler,’ on the other hand, denied that cardiac disturbances in patients with 
long-standing goiter are due to hyperthyroidism and expressed the belief that 
the colloid in old goiters degenerates and forms a substance which when resorbed 
acts specifically on the heart muscle. He found that this degenerated colloid stains 
orange with Mallory’s aniline blue method in contrast to the blue-stained colloid in 
exophthalmic goiter. 


Schmidt * demonstrated in the colloid of degenerated goiters an organic iodine- 
containing substance other than thyroxin and by injecting extracts of goiters into 
thyroidectomized rats he produced an increase in the heart rate without a cor- 
responding increase in the basal metabolic rate. 


In regard to these recent studies it is well to remember that the conception of 
goiter heart originated more than one hundred years ago in Alpine countries where 
toxic goiter is extremely rare (Adelmann,* 1828). It was in Tyrol, Austria, where 
Schranz * in 1887 formulated the often quoted sentence: “The ultimate fate of the 
patient with goiter depends on his heart. He dies of myocardial degeneration.” 


In Aarau, Switzerland, where exophthalmic goiter was observed in less than 
5 per cent of the cases in which goiter had been treated surgically, Bircher * 
encountered cardiac complications in 70 per cent of his surgically treated goitrous 
patients. For goiter heart without hyperthyroidism no satisfactory explanation has 
been found. Neither the theory of “mechanical goiter heart,” which explains the 
cardiac symptoms by pressure of the goiter on the trachea, large blood vessels or 
the vagosympathetic nerves, nor the theory of “‘torpid goiter heart,” which makes 
hypofunction of the enlarged thyroid gland responsible, has found general approval 
(Crotti’). All investigators seem to have agreed only on one point, namely, that 


From the Department of Pathology, St. Francis Hospital. 

1. Davison, T. C.: Thyroid Surgery in Cardiac Patients, South. Surgeon 3:103, 1934. 

2. Hertzler, A. E.: Surgical Pathology of the Thyroid Gland, Philadelphia, J. B. Lippin- 
cott Company, 1936, p. 130. 

3. Schmidt, C. R., and Hertzler, A. E.: Cardiotoxic Goiter: A Distinct Entity, Endo- 
crinology 31:684, 1942. 

4. Adelmann: Beitrage zur Pathologie des Herzens, der Schilddriise und des Gehirns, 
Jahrb. d. phil.-Med. Gesellsch. zu Wiirzburg 1:104, 1828. 

5. Schranz, J.: Beitrage zur Theorie des Kropfes, Arch. f. klin. Chir. 34:91, 1886-1887. 

6. Bircher, E.: Beitrage zur Kropffrage: II. Die toxische Struma (Kropfherz und 
Jodbasedow), Beitr. z. klin. Chir. 141:580, 1927. 

7. Crotti, A.: Diseases of the Thyroid, Parathyroids and Thymus, Philadelphia, Lea & 
Febiger, 1938, p. 676. 
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there is no anatomic type of goiter which predisposes to cardiac complications. 
Diffuse as well as nodular, parenchymatous as well as colloid, cancerous as well as 
noncancerous goiter has been found associated with goiter heart (Wegelin *). 

In contradistinction to the great number of clinical observers who have reported 
on goiter heart, experimental pathologists have contributed little to this interesting 
subject. During the last twenty years no paper on the heart in experimental goiter 
without hyperthyroidism has appeared in the literature. 


EXPERIMENTAL DATA 


My experiments were begun on Aug. 15, 1942. Seventeen male and 13 female white rats 
of the Wistar strain, 34% months old, were divided into three groups. Each group was 


TABLE 1.—Data Showing no Correlation 8 W Veight of Heart with Size of Thyroid Gland 








Heart Relative Size of Thyroid Gland, Mm. 
Weight, Weight, Heart - 
Gm. Gm. Weight Left Lobe Right Lobe 


Experimental Group |. Yellow Corn and Oats, Pure Water 


“one 36 
6 by 





E 
ge 
x” 


~ 

= 

= 

os 

a. 
- 
SC 


2 
a] 
S 

<as4dququqqu< 


9 00 60 ta ae 
SSIIBSES 
me in to we OO 
nin rt in 
PID e ane aw 
a & a) 
Soocrvrrvrcc 
<uquunun< 
02 8D Co Go Go GO CO CO me 


we 
— 
”~ 


KH SeCwrtanmonr 
uw 


“Zk "EKER EREEEE 
SESEISR882 
se 2 oy oS So ee 
Oe Or 

tn 
ovcoccc7 


je 


7 


6 by 
5.5 by 3 


~ J 


Experimental Group 2. ro Oats, 1 per Cent Solution of Caleium Chloride 


4 
oOo 
o 
A 
4 
a 


woe 

cococe 

Sqqq~"s 

‘pecen = co 1 RO co co Ro RO COTO SO! 
trian 


ao oo 


SESRSEEE! 
SISSS9555 
ooo > > * Com CODD 


(J) 

ho 

vac 
nmin me oe ee 


SAMMI AR Ore or 
” 


ee 
et et et 
: ae 
3 
Ct OF me Or OF 


_ 
OO ONT OF I. OFS 


FP 
M 
F 
M 
F 
F 
M 
F 
F 
Cc 


Jontrol Group. Balanced Diet of Purina Chow and Pure Water 
5 by2 
3 by2 
5 by2 
- 


3.5 


CBnNOoewonwr 
hel tlt tk) 4 
Oar ote eo 


4g 


} 
| 


by: 
y 
y 
y 
y 


housed in a Dormer cage with floors of mesh wire and without bedding material. The first 
group, consisting of 9 males and 2 females, received the goitrogenic diet of Wegelin,® i. e., 
a mash of cornmeal and rolled oats boiled in water. As drinking water, pure well water 
was given. The food was freshly prepared every day. The second group, consisting of 5 
males and 5 females, was fed the same diet; however, as dtinking water, a 1 per cent solu- 
tion of calcium chloride was given. The high goitrogenic effect of this calcium-rich intake 
had been demonstrated in several earlier experiments.'° Four males and 5 females were 

8. Wegelin, C.: Schilddriise, in Henke, F., and Lubarsch, O.: Handbuch der speziellen 
pathologischen Anatomie und Histologie, Berlin, Julius Springer, 1926, p. 426. 

9. Wegelin, C.: Zur experimentellen Kropfforschung, Schweiz. med. Wehnschr. 57:848, 
1927. 

10. Hellwig, C. A.: Experimental Goiter Due to Calcium, Arch. Surg. 40:98 (Jan.) 1940; 


Experimental Goiter : Functional, Chemical and Histologic Studies, Arch. Path. 19:364 (March) 
1935. 
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kept as controls and received a well balanced stock diet of Purina fox checkers ‘4 and pure 
drinking water. : 

The rats of all three groups remained in excellent health throughout the experiment, and 
no death occurred. During the four months of observation 69 rats were born in the three 
cages, namely, 14 in the first, 23 in the second and 31 in the control colony. The newborn 
animals were killed with chloroform immediately after birth and preserved in 4 per cent 
solution of formaldehyde for further study. 

The feeding experiment was continued for one hundred and twenty-six days. Then the 
30 adult animals were killed with chloroform and immediately examined. After the body 
weight had been determined, complete dissections were made of each animal. The heart was 
removed by cutting the great vessels at a constant level. All the blood contained in the 
cardiac chambers was allowed to drain out, and then the heart was weighed. The thyroid 
gland was removed together with the trachea, and the measurements of both lobes were 
taken. The organs were at once placed in 4 per cent solution of formaldehyde. Paraffin 
sections were made from the thyroid glands and hearts of all animals, and different staining 
methods were employed. From the hearts frozen sections were also made and stained for lipoid 
with sudan. 








Fig. 1—Normal thyroid gland of a white rat of the control group. Note the large colloid- 
filled acini. 


RESULTS 
Thyroid.—From table 1 it is evident that the animals of groups | and 2 had 
definite goiters and that the thyroid glands of the control group were normal. The 
calcium-rich intake of the second group was definitely more goitrogenic than the 
pure water and the Wegelin diet consisting of cornmeal and oats. While in 
the controls the average length of one lobe of the thyroid gland was 4.4 mm., 6 rats 
of the second group had a length exceeding 5 mm., and the average was 5.5 mm. 


10a. Purina fox checkers contains: crude protein not less than 20; crude fat not less than 3: 
crude fiber not more than 6; ash 8.5 per cent; nitrogen-free extract not less than 46. The 
ingredients are: wheat germ, dried skimmed milk, animal liver meal, brewers’ dried yeast, 
barley malt, fish meal, meat meal, alfalfa meal, corn grits, soybean oil meal, cereal feed (from 
corn and wheat), molasses, dried beet pulp, riboflavin supplement, vitamin A and D feeding 
oils, 1 per cent steamed bone meal and 1 per cent iodized salt. It is manufactured by Purina 
Mills Ralston Purina Company, St. Louis. 
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In the group with a calcium-rich intake 7 rats had lobes measuring more than 
5 mm., the average being 5.7 mm. 

Microscopic examination showed in the controls, as a rule, large acini with low 
cuboidal epithelium and with well stained colloid. The blood vessels were not 














Fig. 2.—A, experimental goiter in a white rat of group 1 following a diet of yellow corn 
and oats and pure well water. Note moderate hyperplasia. B, experimental goiter in a 
white rat of group 2 following the same diet and, as drinking water, a 1 per cent solution 
of calcium chloride. Note marked hyperplasia. 


conspicuous (fig. 1). Of the animals receiving the Wegelin diet, 2 showed marked 
and 9 moderate epithelial hyperplasia (fig. 2.4), while in the group with a calcium 
solution as its drinking water 6 had marked (fig. 2B) and 4 moderate hyper- 
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plastic changes. The epithelium in the experimental goiters was high cuboidal ; 
the acini were small and contained either unstained or scanty fine granular colloid. 
The blood vessels were, as a rule, engorged with red blood cells. The gross and 
microscopic changes of these experimental goiters were identical with those found 
in former experiments.’” The function of the parenchymatous goiters proved to 
be slightly less than normal, and there was no chemical or metabolic evidence of 
hyperthyroidism. These goiters therefore resembled in structure and function 
the endemic goiter found in countries of high endemicity, i. e., Switzerland, the 
Himalayas and the Pyrenees. 


Heart.—In the control group the weight of the heart ranged from 1.010 to 
1.750 Gm., the average being 1.268 Gm. In the first experimental group the heart 


TaBLeE 2.—Microscopic Changes in Thyroid Glands and Hearts of White Rats 


Heart 
Thyroid Gland + Oa er 


Epithelial Lymphoeytie Hyaline 
Hyperplasia Infiltration Degeneration Sears 





Group 1 


Moderate Present Present Present 
Marked Present Absent Present 
Moderate Absent Absent 
Moderate Absent Absent 
Moderate Absent Absent 
Moderate Present Absent 
Present Present 
Absent Absent 
Absent Absent 
Absent Absent 
Moderate Absent Absent 


Group 2 


Marked Absent Absent 
Absent Absent 
Absent Absent 
Absent Absent 
Absent Absent 
Absent Absent 
Present Present 
Absent Absent 
Absent Absent 
Absent Absent 


Group 3 (Controls) 


Absent Present Absent Absent 
Absent Present Absent Absent 
Absent Present Absent Absent 
Absent Present Absent Present 
Absent Present Absent Absent 
Absent Present Absent Absent 
Absent Present Absent Absent 
Absent Present Absent Absent 
Absent Present Absent Absent 


weight was between 1.050 and 1.770 Gm., with an average of 1.380 Gm. In the 
group with calcium-enriched drinking water the heart weight varied from 1.075 
to 1.625 Gm., and its mean was 1.317 Gm. 

Since in the experimental groups the body weight varied greatly, from 140 to 
400 Gm., the absolute heart weight was much less significant than the heart weight 
in relation to the body weight. The ratio of the heart weight to the body weight 
was obtained by dividing the body weight into the heart weight, modified by an 


appropriate shift of the decimal point (1,000 x eae wen ). The heart-body 
weight ratio of the animals of the first group was on the average 4.6, that of the 
group with calcium added to the drinking water was 5.05 and that of the controls 
was 4.5. Thus it is evident that the second experimental group of animals, with 
the high calcium intake, showed a definite increase in the relative heart weight. 


In the first group the left wall of the heart measured on the average 3.8 mm. in 
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thickness; in the second, 4.4, and in the control group, 3.5 mm. The wall of 
the right ventricle measured 1.5, 1.1 and 1.3 mm., respectively. Therefore only 
in the calcium group was an increase in muscle substance of the left ventricle’ 
noticed. There was no correlation between relative heart weight and size or degree 
of hyperplasia of the thyroid gland. 





L. s / 
Cae) AY Boe ea FE 
Fig. 3—A, groups of lymphocytes in heart muscle of a goitrous rat. 8B, young scar in 
the myocardium of a goitrous rat. 


The microscopic changes in the cardiac sections, which included both ventricles, 
the septum, both atriums and the origin of the great blood vessels, are summarized 
in table 2. 

In the neighborhood of small blood vessels of the myocardium small groups of 
lymphocytes were frequently encountered (fig. 3.4). In the same location two or 
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three deep-staining polygonal cells, the so-called mast cells, were also found in 
several cases. In the myocardium of | animal of the control group eosinophilic 
cells were noticed. Another place of predilection for groups of lymphocytes was 
the connective tissue between the myocardium and the great blood vessels. 





Fig. 4.—A, hyaline degeneration of muscle fibers in the heart of a goitrous rat. B, 
perivascular group of lymphocytes and mast cells in the heart of a control animal. 


These lymphocytic groups in the myocardium were observed as often in the 
experimental animals of groups 1 and 2 as in the controls. Small scars in the 
myocardium were observed twice in the first group and once in the second, and 
a young scar with many fibroblasts was present in 1 animal of the control group 
(fig. 3B). Focal degeneration of muscle fibers (fig. 4.4) with formation of 
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vacuoles in the sarcoplasm was found in 3 rats of the first group and in 1 animal 
of the group with calcium in the drinking water. Surprisingly enough, there was 
no difference in the occurrence of lymphocytic infiltration or scar formation between 
the animals with and those without goiter. Therefore the hyperplastic changes in 
the thyroid glands themselves cannot be held responsible for these histologic changes 
in the hearts. Since the animals of all groups showed identical myocardial lesions, 
it seems plausible that mild intercurrent infections, which are common in white 
rats, were the reason for them. 
COMMENT 


In 1911, Bircher ** reported cardiac lesions in white rats in which large goiters 
had developed after these rats received water from a region in which goiter was 
endemic. Almost all of his experimental animals showed great enlargement of 
the heart with hypertrophy of the left ventricle and dilatation of the right ventricle. 
Microscopic study revealed in 22 of his 30 experimental animals fragmentation, 
cloudy swelling and fatty degeneration of the cardiac muscle fibers. There was 
also interstitial infiltration of the myocardium by leukocytes; in the late stages there 
was scar formation. Bircher did not find any correlation between these lesions 
of the heart and the size or the structure of the experimental goiters. He therefore 
concluded that the inflammatory and degenerative changes in the heart were due 
not to a direct effect of increased or perverted thyroid secretion but to an unknown 
goitrogenic agent which caused the enlargement of the thyroid gland and at the 
same time damaged the heart muscle. In Bircher’s opinion, goiter heart in regions 
in which goiter is endemic is one of the manifestations of the cretinoid degeneration 
and may occur either alone or combined with other signs of this constitutional dis- 
order, namely, endemic goiter, endemic deafness and endemic idiotism. 

The only other investigator who studied the heart in animals with experimental 
goiter was Wegelin.* He also observed enlargement of the heart in goitrous white 
rats due either to dilatation of the cardiac chambers or to muscular hypertrophy. 
His histologic observations in the enlarged hearts were mostly negative. Only 
in 3 of his 14 goitrous animals were small groups of lymphocytes and fibroblasts 
present in the myocardium. In one heart Wegelin found a distinct scar and in 
another vacuoles in the sarcoplasm. Wegelin concluded from these findings that 
simple endemic goiter has no toxic effect on the heart muscle. 


My own experiments show that the myocardial changes described by Bircher 
occur frequently in the hearts of goitrous animals without hyperthyroidism. How- 
ever they are present as often in white rats without goiter. Therefore they cannot 
be attributed to some toxic action of the goiter on the myocardium. 


The hypertrophy of the left ventricle which developed in the goitrous animals 
given a calcium-rich water but not in the goitrous animals whose intake of food 
and water was calcium poor suggests excess of calcium as the causative factor. 
Two possible explanations present themselves. Chambers and Reznikoff '? demon- 
strated that calcium chloride increases the viscosity of protein emulsions, and it 
is reasonable to assume that an excess of calcium in the experimental intake 
increased the viscosity of the blood plasm so that greater resistance was offered 
to the heart in circulating the blood. Secondly, it is well known (Howell **) that 


ll. Bircher, E.: Weitere histologische Befunde bei durch Wasser erzeugten Rattenstru- 
men und Kropfherzen, Deutsche Ztschr. f. Chir. 112:368, 1911. 

12. Chambers and Reznikoff, cited by West, E. S.: Physical Chemistry for Students 
of Biochemstry and Medicine, New York, The Macmillan Company, 1942, p. 278. 

13. Howell, W. H.: A Textbook of Physiology, ed. 14, Philadelphia, W. B. Saunders 
Company, 1940, p. 570. . 
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calcium causes more forceful contractions of the heart muscle. Both of these 
pharmacologic effects of calcium may produce work hypertrophy of the left 
ventricle. If one accepts a direct effect of the positive goitrogenic factor—calcium 
excess—on the heart as the cause of goiter heart, which manifests itself as left 
ventricular strain, it is easily understood that there is no anatomic type of goiter 
which predisposes to cardiac complications. 


SUMMARY AND CONCLUSIONS 


In experimental studies planned to determine whether anatomic changes can 
be demonstrated in the hearts of animals with simple goiter, no histologic changes 
were found in the hearts of goitrous animals which would suggest a direct toxic 
effect of goiter on the myocardium. Lymphocytic infiltration, degeneration of 
muscle fibers and scar formation were common in the hearts of the experimental 
animals, but since they were as often encountered in the hearts of the nongoitrous 
controls, they have to be explained by causes which were active in all three groups, 
possibly some intercurrent infection. 

The only positive anatomic finding was a significant hypertrophy of the left 
ventricle in the animals which received a calcium-rich diet. This observation 
suggests that left ventricular strain in endemic goiter may be due to a direct effect 
exerted on the heart muscle by the same factor which is responsible for the develop- 
ment of goiter—for instance, an excess of calcium in the food. 

The results of my experiments are in accord with the experience of most 
observers that there is no anatomic type of endemic goiter which predisposes to 
cardiac complications. 





HY POPROTEINEMIA 


THE CLINICAL RELATIONSHIP OF PROTEINS AND THE PROTEIN METABOLISM 
TO THERAPY WITH SPECIAL REFERENCE TO SURGERY 


ABRAHAM O. WILENSKY, M.D. 
NEW YORK 


This communication will concern itself with the increasing clinical importance 
of the proteins and protein metabolism in medicine, especially in surgery, and the 
relationship of hypoproteinemia to apparent and to latent hepatic parenchymal dis- 
ease. Necessarily it will include a review of all of the available knowledge con- 
cerning this branch of normal physiology and of the aberrations of function which 
occur in disease. It will indicate the extent to which these obtainable data can be 
used (1) in the corroboration of diagnoses, (2) in the possibility of estimating the 
degree and the extent of anatomic change, (3) in prognosis and (4) in the evalua- 
tion of the risk of contemplated operations. Finally, it will include (5) criteria 
on which the newer therapeutic measures can be employed. 


PROTEIN METABOLISM 


The importance of the quantity and the quality of dietary protein for the 
nitrogen requirements of the body and for the maintenance of good health has been 
repeatedly demonstrated. In many cases variable interrelationships with other 
dietary factors have been observed, but the reported experiences have emphasized 
nevertheless the numerous and often unsuspected ways in which the protein frac- 
tions are of importance to the body. 


Formation and Storage of Plasma Proteins —The vast amount of experimental 
work has not provided as clear a picture of the formation and the fate of the plasma 
proteins in the organism as one would like. The cycle of the formation of plasma 
proteins revolves around the liver from three standpoints: production, storage and 
renewal. Plasma fibrinogen and plasma albumin seem to be formed exclusively in 
the liver. Plasma globulin is formed mainly in the liver but also to some extent by 
the reticuloendothelial system (Kerr, Hurwitz and Whipple’). After the amino 
acids reach the liver by the portal vein from the intestinal tract, they are built partly 
into proteins and partly into plasma protein—building material. A portion of this 
synthesized material is placed in physically undemonstrable reserve stores of plasma 
proteins, distributed mainly in the liver and to a lesser extent in many other tissues. 
The fully formed and fixed protein in the body cells is never available in time of 
stress or even otherwise for the formation of plasma proteins. The dispensable 
reserves of proteins include a sufficient store which is instantly available for use and 
another supply which is less readily available, and both of these together are suf- 
ficient to form plasma proteins of a quantity equal to or greater than that usually 
present in the circulating blood. All of this storage is a function of the liver, and 
there is evidence to show that the albumin, globulin and fibrinogen fractions of 
plasma all form part of a single loosely bound protein system. 

The various protein fractions of blood plasma are regenerated during a period 
of fasting and after acute depletion, as in hemorrhage, as well as during the normal 


1. Kerr, W. J.; Hurwitz, S. H., and Whipple, G. H.: Regeneration of Blood Proteins, 
Am. J. Physiol. 47:336, 370 and 379, 1918. 
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wear and tear of the tissues. This was first observed by Morawitz and was later 
studied by other investigators, particularly Whipple and his associates. During 
conditions of health and of ‘well being” proteins are present in human plasma to 
the extent of 6.5 to 7.5 Gm. per hundred cubic centimeters, with albumin and 
globulin fractions in the ratio of about 1.6 to 1. 

In conditions of health the blood plasma level of proteins bear an approximately 
constant relation to the fixed tissue protein supplies in the body. During condi- 
tions of disease or undernourishment this proportion is kept up at the expense of 
the reserve supply, and although the protein relation of plasma to tissue may still 
be at a fairly normal average, the protein reserves may be more or less depleted. 
This was well illustrated in the following case: 


Case 1—A 50 year old woman had a severe form of thyrotoxicosis (basal metabolic 
rate, +75). She had moderate diarrhea and continuously lost weight even though the diet 
approached approximately 3,500 calories per day. There was no doubt that the reserve supply 
of proteins was being diminished, and the total plasma protein level was 5.77 Gm. per hun- 
dred cubic centimeters as determined by the falling drop method at a specific gravity of 
1.0243. . 


Renewal of Plasma Proteins——The replacement of the plasma proteins takes 
place from two sources: (1) exogenous—from ingested food—and (2) endogenous 
—from the reserve stores of plasma protein—building material. Experimental 
investigations have indicated that not only the quantity but also the quality of 
the food proteins is of the utmost importance in the production and the regeneration 
of the various plasma proteins. 

The usual human diet contains varying amounts of protein from animal and 
vegetable sources. The various animal and vegetable proteins differ in nutritive 
value, particularly in potential amino acid content and in content of those indi- 
vidual amino acids (valine and methionine) which have been proved indispensable. 

The known amino acids are: 


A. Essential B. Nonessential 


. Lysine . Glycine 

. Tryptophan . Alanine 

. Histidine 3. Serine 

. Phenylalanine . Norleucine 


. Leucine . Aspartic acid 


. Isoleucine . Hydroxyglutamic acid 
. Threonine . Proline 


8. Methionine . Hydroxyproline 
. Valine . Citrulline 
. Arginine 10. Tyrosine 
11. Glutamic acid 
12. Cystine. 

Amino acids that cannot be synthesized by the body are tyrosine, tryptophan, 
lysine, crystine, histidine, arginine and glutamic acid. Deficiency in even one of the 
amino acids that are essential for the construction of tissues limits the value of a 
protein to the animal body. A number of proteins occurring in foods are deficient 
in one or more of the essential amino acids. For example, diets which consist 
mostly of milk are insufficient for maintenance and growth since cystine, which 
cannot be synthesized by the body, is entirely lacking; gelatin, although rich in 
glycine (an amino acid that may be synthesized by the body), does not contain 
tryptophan and valine (essential amino acids) or tyrosine and hydroxyglutamic 
acid, which are nonessential. Ovalbumin also is lacking in several amino acids. 
The amino acids in fish and meat measure up favorably with the requirements for 
normal maintenance and growth. Generally speaking, animal proteins contain all 
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or nearly all of the essential amino acids, and vegetable proteins do not. But one 
can obtain similar results and effects by supplementing the various vegetable pro- 
teins with one another, with or without the addition of prepared amino acids until 
the total amount is adequate. Under such circumstances the animal proteins are 
not absolutely necessary. Customarily, however, human beings prefer a diet con- 
taining a large amount (more than half) of the protein ingested from animal 
sources. In any case the plasma proteins can be synthesized only if the body 
receives the proper mixture of amino acids. 

In the final analysis the customary and normal plasma protein level is dependent 
on the continued ingestion of material which can be utilized for the formation 
of new plasma proteins. Hypoproteinemia and edema due to malnutrition illus- 
trate this ultimate dependence of the plasma proteins, like other similar compounds 
in the body, on exogenous sources. 

In the light of present evidence it seems, moreover, that plasma protein does 
not remain static after being elaborated but participates in a dynamic equilibrium 
with the reserve protein of the body, as suggested by Madden and Whipple,’ and 
that the normal balance results from the continuous ebb and flow between the old 
and the new in the continuation of the normal metabolic activity. 


Protein Enrichment of the Liver—Experimental evidence has accumulated 
( Pfluger,* Seitz, Addis and his co-workers ® and others) regarding the importance 
of the protein enrichment of the liver which follows the administration of high 
protein diets. This is associated not only with hyperplasia or hypertrophy but 
also with an increase in the content of protein per unit weight of tissue. Contrari- 
wise, the relative loss of protein during abstention from food is greatest for the 
liver. The studies of Luck * show that all the hepatic proteins, including albumin, 
euglobulin and pseudoglobulin, participate equally in the process of storage. 

Blood-Clotting Elements and Blood-Clotting Function —The blood-clotting ele- 
ments and the blood-clotting function are intimately bound up with the formation 
and the renewal of the plasma proteins. Normally the liver forms the fibrinogen 
fraction of the plasma proteins. Fibrinogen is the soluble precursor of the insoluble 
fibrin. The blood plasma normally contains about 250 mg. per hundred cubic 
centimeters of fibrinogen. This content varies under different circumstances, is 
apparently independent of the cellular content of the blood, corresponds propor- 
tionally to the sedimentation rate of the red blood cells and is decreased by severe 
damage of the liver and a diet deficient in protein. 

Normally, also, the liver originates the vitamin K_ principle (Smith and 
co-workers,’ Warner,* Warren and Rhoads ® and others). 


2. Madden, S. C., and Whipple, G. H.: Plasma Proteins: Their Source, Production 
and Utilization, Physiol. Rev. 20:194, 1940. 

3. Pfliiger, E.: Glykogen, Arch. f. d. ges. Physiol. 96:1, 1903. 

4. Seitz, E.: Die Leber als Vorrathskammer fiir Eiweisstoffe, Arch. f. d. ges. Physiol. 
111:309, 1906. 

5. Addis, T.; Lee, D. D.; Lew, W., and Poe, L. J.: The Protein Content of the Organs 
and Tissues at Different Levels of Protein Consumption, J. Nutrition 19:199, 1940. 

6. Luck, J. M.: Liver Proteins: The Question of Protein Storage, J. Biol. Chem. 
115:491, 1936. 

7. Smith, H. P.; Warner, E. D., and Brinkhous, K. M.: Prothrombin Deficiency and 
Bleeding Tendency in Liver Injury (Chloroform Intoxication), J. Exper. Med. 66:801, 1937 

8. Warner, E. D.: Plasma Prothrombin: Effect of Partial Hepatectomy, J. Exper. Med. 
68:831, 1938. 

9. Warren, R., and Rhoads, J. E.: Hepatic Origin of Plasma-Prothrombin Observations 
After Total Hepatectomy in Dog, Am. J. M. Sc. 190:193, 1939. 
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The hepatic cell also forms prothrombin in the presence of adequate vitamin K 
activity, and with thromboplastin and calcium it forms thrombin. After severe 
parenchymal damage the liver is unable to form prothrombin even when sufficient 
vitamin K is available. 

As a test of the functional capacity of the liver cell and indirectly of the degree 
and the location of the hepatic damage, these three factors and the blood-clotting 
function as a whole are becoming of increasingly large value for clinical purposes. 
The fibrinogen and prothrombin levels (Wilson *®) in the blood plasma are used 
by themselves as indications of the presence of hepatic damage (Quick ''; Butt, Snell 
and Osterberg ??; Brinkhous and Warner ™*; Stewart and Rourke '; Rhoads **; 
Lucia and Aggeler**; Pohle and Stewart '*; Allen and Julian,'* and others). 

According to Andrus,’® in patients in whom the prothrombin activity of plasma 
is depressed below 80 per cent of the normal as the result of obstructive jaundice, 
a rise of more than 10 per cent will occur within from forty-eight to seventy-two 
hours after the intramuscular administration of 2 mg. of 2 methyl-1, 4-naphtho- 
quinone (synthetic vitamin K). In patients with jaundice due to organic disease 
of the liver no such effect occurs, and in the absence of obstructive jaundice, 
biliary fistula or abnormal intestinal absorption the prothrombin level is an index 
of essential hepatic disease (Pohle and Stewart **). Experimentally, the prothrom- 
bin level in the blood plasma falls rapidly after partial or total hepatectomy 
(Warner *; Warren and Rhoads*®; Andrus, Lord and Moore*®; Smith and 
co-workers‘) after chloroform intoxication (Smith and co-workers*; Warner, 
Brinkhous and Smith *! ; Brinkhous and Warner **) and after chronic hepatic injury 
from carbon tetrachloride (Bollman, Butt and Snell **). 

Andrus, Lord and Moore *° made the observation which I have repeatedly 
made with regard to all tests of hepatic function, that these tests are of prognostic 
value only when a series of observations is made which shows the trend of the 
changed function. A similar conclusion was made by Allen and Julian,’* who 


10. Wilson, S. J.: Quantitative Prothrombin and Hippuric Acid Determinations as Sen- 
sitive Reflections of Liver Damage in Humans, Proc. Soc. Exper. Biol. & Med. 41:559, 1939. 

11. Quick, A. J.: Conjugation of Benzoic Acid with Glycine: A Test of Liver Function, 
Proc. Soc. Exper. Biol. & Med. 29:1204, 1932. 

12. Butt, H. R.; Snell, A. M., and Osterberg, A. E.: The Preoperative and Postoperative 
Administration of Vitamin K to Patients Having Jaundice, J. A. M. A. 113:383 (July 29) 1939. 

13. Brinkhous, K. M., and Warner, E. D.: Effect of Vitamin K on Hypoprothrombinemia 
of Experimental Liver Injury, Proc. Soc. Exper. Biol. & Med. 44:609, 1940. 

14. Stewart, J. D., and Rourke, G. M.: Prothrombin and Vitamin K Therapy, New 
England J. Med. 221:403, 1939. 


15. Rhoads, J. E.: Physiologic Factors Regulating the Level of the Plasma Prothrombin, 
Tr. Am. S. A. 58:86, 1940. 

16. Lucia, S. P., and Aggeler, P. M.: The Influence of Liver Damage on the Plasma 
Prothrombin Concentration and the Response to Vitamin K, Am. J. M. Sc. 201:326, 1941. 

17. Pohle, E. J., and Stewart, H. J. L.: Observations on Plasma Prothrombin and 
Effect of Vitamin K in Patients with Liver or Biliary Tract Disease, J. Clin. Investigation 
19:365, 1940. 


18. Allen, J. G., and Julian, O. C.: Prothrombin and Hepatic Function, Arch. Surg. 45: 
691 (Nov.) 1942. 


19. Andrus, W.: Newer Knowledge of Vitamin K, Bull. New York Acad. Med. 17: 
116, 1941. 

20. Andrus, W. DeW.; Lord, J. W., Jr., and Moore, R. A.: Effect of Hepatectomy on the 
Plasma Prothrombin and the Utilization of Vitamin K, Surgery 6:899, 1939. 
; 21. Warner, E. D.; Brinkhous, K. M., and Smith, H. P.: Quantitative Study on Blood 
Clotting: Prothrombin Fluctuations Under Experimental Conditions, Am. J. Physiol. 114: 
669, 1936. 
r 22. Bollman, J. L.; Butt, H. R., and Snell, A. M.: Influence of Liver on Utilization of 
Vitamin K, J. A. M. A. 115:1087 (Sept. 28) 1940. 
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expressed the belief that the degree of prothrombin deficiency does not indicate the 
extent of the hepatic damage but that repeated observations reflect the clinical 
course of the hepatic disability. 

The prothrombin reaction to vitamin K is of service in distinguishing between 
the jaundice due to intrahepatic cellular injury or disease and that due to obstruction 
on the premise that in parenchymal disease of the liver vitamin K is not formed 
(Stewart **; Stewart and Rourke '*; Allen **). 

Andrus, Lord and Moore *° have used the response of the plasma prothrombin 
level to menadione (2-methyl, 4-naphthoquinone) administered intramuscularly as a 
means of determining the site of origin of obstructive jaundice and obtained a high 
degree of accuracy. Thus, it was correct in 32 of 36 cases of intrahepatic jaundice 
and in 49 of 50 cases of extrahepatic obstruction of the common duct, an over-all 
accuracy of 94 per cent. There were 20 additional cases of extrahepatic jaundice, 
not included in the aforementioned group, with an initial prothrombin level of 
over 80 per cent, a finding which when present in jaundice has always indicated 
it to be of extrahepatic origin. 


The test is done as follows: Determinations of the level of plasma prothrombin are made 
on successive days by the Warner, Brinkhous and Smith 2! test, until the levels are within 
5 per cent of each other on two succeeding observations. Then 2 mg. of menadione is 
injected intramuscularly, and the prothrombin is determined at intervals of twenty-four, 
forty-eight and seventy-two hours. It is usually not necessary to determine the prothrombin 
level for more than the successive days before injecting menadione. 


PHYSIOLOGY OF THE PROTEINS 


General Effect of Adequate Proteins —The quality and the quantity of dietary 
proteins influence growth, maintenance and repair as well as reproduction and 
lactation. In addition (like carbohydrate and fat) protein is an important source 
of energy. When much nitrogen is lost during fever, during an operation or 
following traumatic injury or other event, proteins take part in the reparative 
processes in the body, and during convalescence adequate dietary proteins are 
required for the restoration of wasted tissues. For this purpose, according to 
Cuthbertson,”* animal proteins seem more desirable than vegetable proteins. 


Importance of Proteins in Antibody Formation.—It has been shown experi- 
mentally (Breil and Haurowitz) that the protein stores of the body are of great 
importance in the formation of antibodies inasmuch as the antibodies of the rabbit 
were chemically identified with the globulin in normal rabbit serum except for the 
spatial arrangement of their constituent amino acids. In addition, the “antigenic 
template” (Cannon **) seems to be synthesized from the intracellular protein 
reserves. These facts suggest the probable importance of a luxurious protein diet 
for the maintenance of adequate “antibody matrix” (“protein reserves”) to serve 
as basic materials for the templation of specific antibodies. If so, the immunologic 
potential of the reticuloendothelial system, for example, would vary quantitatively 
with the amount of locally available protein reserve. 

This suggested relationship is in line with statistical evidence covering the 
increased susceptibility to infectious diseases observed as a result of dietary insuf- 


23. Stewart, J. D.: Prothrombin Deficiency and Effects of Vitamin K in Obstructive 
Jaundice and Biliary Fistula, Ann. Surg. 109:588, 1939. 

24. Allen, J. G.: The Diagnostic Value of Prothrombin Response to Vitamin K Therapy 
as a Means of Differentiating Between Intrahepatic and Obstructive Jaundice, Internat. Abstr. 
Surg. 76:401, 1943; in Surg., Gynec. & Obst., May 1943. 

25. Cuthbertson, D. P.: Quality and Quantity of Protein in Relation to Human Health and 
Disease, Nutrition Abstr. & Rev. 10:1, 1940. 

26. Cannon, P. R.: Immunity and Protein Reserves, New York State J. Med. 48:771, 1943. 
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ficiency during World War I, and Cannon * was able to confirm this relation- 
ship on experimental animals. Rabbits whose protein reserves had been reduced 
by diets low in protein showed a distinctly subnormal capacity to produce specific 
antibodies. 

The accumulated evidence in support of the relationship between protein reserves 
and specific immunity is of particular interest in view of the popular overemphasis 
of the role of vitamins in promoting antimicrobic resistance and the popular under- 
estimate of the basic importance of a luxurious protein intake in association with the 
widespread custom of “dieting.” Without more than enough protein to maintain 
nitrogenous equilibrium, antimicrobic vitamins are immunologically ineffective. 
“The reserve store of protein is the bulwark against infection” (Madden and 
Whipple *). 


Typical of the observation bearing on this point is that of Clements,?*7 who found that 
natives of the New Guinea region who eat a well balanced diet rich in proteins and 
vitamins are relatively immune to tropical ulcers, while other natives, who subsist on a less 
well balanced diet, in which the ratio of carbohydrate to protein is high and the supply of 
vitamins is poor, are susceptible. A complete absence of tropical ulcers was noted in fishing 
villages, where the diet contained 60 to 70 per cent of protein. 


Protective Effect of Proteins on the Liver—(a) The protective effect of pro- 
teins against injury of the liver: The reserve proteins help to protect the liver 
against dietary, chemical, toxic or other injury. Experimental hepatic cirrhosis 
produced in rats by a low protein diet and prolonged administration of alcohol may 
be prevented by increasing the amount of total protein in the diet (Lillie, Daft and 
Sebrell **; Gyorgy and Goldblatt,”® and others). 

Certain definite conclusions (Ravdin,*° Whipple,** and others) are now possible 
concerning the use of proteins and their activity in protecting the liver parenchyma 
against chemical poisons. Messinger and Hawkins ** found that a high protein 
diet (meat in the form of hamburger) was most effective in preventing hepatic 
injury from arsphenamine. Similarly, Goldschmidt and co-workers ** and Davis 
and Whipple ** demonstrated the marked action of protein foods (skimmed milk 
and casein) in protecting the liver against chloroform. Goldschmidt and co-work- 
ers ** pointed out that protein in the liver has the following four modes of action: 
(1) probably some specific and as yet unknown action on the liver cell; (2) the 
action of displacing fat more effectively than carbohydrate, thereby making the 
liver less susceptible to injury; (3) an action through the fact that the liver is one 
of the chief storehouses of protein, and (4) the action of playing the major role 


27. Clements, F. W.: The Relation of Diet to Tropical Ulcer, M. J. Australia 1:520, 1934; 
abstracted, J. A. M. A. 106:139 (Jan. 11) 1936. 

: 28. Lillie, R. D.; Daft, F. S., and Sebrell, W. H.: Production and Apparent Prevention 
of a Dietary Liver Cirrhosis in Rats, Proc. Soc. Exper. Biol. & Med. 48:228, 1941. 

29. Gyorgy, .P., and Goldblatt, H.: Observations on the Conditions of Dietary Hepatic 
Injury (Necrosis, Cirrhosis) in Rats, J. Exper. Med. 75:355, 1942; Choline as a Member 
of Vitamin Bs Complex, ibid. 72:1, 1940. 

30. Ravdin, I. S.; Stengel, A., Jr., and Prushankin, M.: The Control of Hypoproteinemia 
in Surgical Patients, J. A. M. A. 114:107 (Jan. 13) 1940. 
wae Whipple, G. H.: Blood Plasma Proteins, editorial, Surg., Gynec. & Obst. 73:886, 

82. Messinger, W. J., and Hawkins, W. B.: Arsphenamine Liver Injury Modified by 
Diet, Am. J. M. Sc. 199:216, 1940. 

33. Goldschmidt, S.; Ravdin, I. S., and Lucké, B.: Anesthesia and Liver Damage: The 
Protective Action of Oxygen Against Necrotizing Effect of Certain Anesthetics on the 
Liver, J. Pharmacol. & Exper. Therap. 59:1, 1937. 

_ 34. Davis, N. C., and Whipple, G. H.: Influence of Drugs and Chemical Agents on the 

Liver Necrosis of Chloroform Anesthesia, Arch. Int. Med. 23:636 (May) 1919. 





42 ARCHIVES OF SURGERY 


in the regenerative phase, which begins within seventy-two hours after the original 
injury to the organ. Bollman and Mann * found a deleterious action of meat pro- 
tein, but in their opinion this action is not due to the protein itself but to certain 
soluble extractives in the meat. 


(b) The lipotropic function of protein: Protein undoubtedly has a specific 
effect in restricting intracellular deposition of fat as a result of the lipotropic 
activities of certain amino acids (Moise and Smith **; Miller, Ross and Whipple * ; 
Goldschmidt, Vars and Ravdin **; Messinger and Hawkins **; Perlman, Stillman 
and Chaikoff **). In fatty livers these amino acids facilitate the mobilization of 
hepatic lipid and make it available for easy disposition. Lipocaic, choline and 
lecithin and the amino acids methionine and cysteine are active lipotropic agents ; 
glycine, alanine, tyrosine, taurine, glutamic acid and proline have no lipotropic 
activity. Choline is thought to be necessary for the action of any lipotropic sub- 
stance. This may account for the deterioration of hepatic function in patients with 
discharging biliary fistulas. It is significant that cysteine is a key amino acid for 
the regeneration of plasma protein also, while methionine is of no value in this 
process but is more important for its lipotropic activity. 

In addition to the aforementioned factors, the significance of the total caloric 
content of the diet has been emphasized by Ravdin and his co-workers,®° who found 
that a general diet high in calories was of greater value in lowering the lipid 
content of the liver than was the intravenous administration of dextrose alone. 


(c) The mode of the protective effect of protein on the liver: It is believed 
that the amino acids methionine and cysteine are the agents responsible for the 
protective effect of the proteins (Miller, Ross and Whipple **) by sparing the nor- 
mal enzyme action of the oxidation-reduction activity in the hepatic cell, which is 
injured in chloroform poisoning. Since the milk protein, casein, is high in these 


amino acids, it seems likely that the specific effect of protein postulated by Gold- 
schmidt and his co-workers ** may rest on the same basis. 


The exact mechanism whereby such hepatotoxic agents as chloroform and carbon tetra- 
chloride exert their deleterious effects is not clear. The following hypothesis has been proposed : 
The toxic agents, having reached the liver, are held there in proportion to the amount of fat 
present, and exert their harmful effects by interfering with the normal oxidation-reduction 
system (anoxia) within the cells, involving glutathione and other factors. If the interference 
is sufficiently extensive, central lobular degeneration and necrosis follow. 


Protection of the liver can be furthered and assured (1) by diminishing exposure 
to any toxic agent, (2) by feeding the patient a high caloric diet that is rich in 
protein and carbohydrate and low in fat, (3) by correcting any intracellular state 
of anoxia with cystine and methionine and with oxygen therapy, and (4) by giving 
an overabundance of protein to enhance the regenerative phase of liver activity. 
Additional protective mechanisms as yet not clearly understood may come later if 


35. Bollman, J. L., and Mann, F. C.: Influence of Liver in Formation and Destruction of 
Bile Salts, Am. J. Physiol. 116:214, 1936. 

36. Moise, T. S., and Smith, A. H.: Diet and Tissue Growth: I. The Regeneration of 
Liver Tissue on Various Adequate Diets, J. Exper. Med. 40:13, 1924. 

37. Miller, L. I.; Ross, J. F., and Whipple, G. H.: Methionine and Cystine: Specific 
Protein Factors Preventing Chloroform Injury in Protein Depleted Dogs, Am. J. M. Sc. 
200 :739, 1940. 

38. Goldschmidt, S.; Vars, H. M., and Ravdin, I. S.: Influence of Foodstuffs upon Sus- 
ceptibility of Liver to Injury by Chloroform and Probable Mechanism of Their Action, J. 
Clin. Investigation 18:277, 1939. 

39. Perlman, I.; Stillman, N., and Chaikoff, I. L.: Radioactive Phosphorus as Indicator 
of Phospholipid Metabolism: Further Observations on Effect of Amino-Acids in Phospho- 
lipid Activity of Liver, J. Biol. Chem. 135:359, 1940. 
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and when it is shown that substances such as choline, xanthine and some unknown 
factor of the B complex exert some specific action on the hepatic cell of which 
one is not as yet aware. 

CLINICAL HYPOPROTEINEMIA 


During conditions of health and of illness the metabolic function of protein and 
its daily regulation depend on good function of the liver. It may be true that in 
many undernourished but otherwise apparently healthy .persons and in many 
patients with latent or apparent parenchymal injury or disease of the liver the 
compensatory mechanism is sufficient to make good the ordinary wear and tear 
of the tissues and that there may be no laboratory or other method of determining 
that the protein reserves and hepatic function are actually deficient. On the appear- 
ance of any undue strain, however, such as illness, anesthesia or operation, this defi- 
ciency may become perceptible and is frequently demonstrable by laboratory means if 
it is not already apparent clinically. This fits in with the suggestion of Mann “* that 
in doing tests for hepatic function the liver should be “strained” so as to bring out 
any abnormality. This was well illustrated in the following case: 


Case 2—A 39 year old man with polyposis of the colon underwent total colectomy in 
three stages. Prior to operation he was abnormally thin but was otherwise in fairly good general 
condition, and the plasma protein level was normal (7.52 Gm. per hundred cubic centimeters 
at a specific gravity of 1.0294). 

During the course of the convalescence and in between the stages of the colectomy were 
periods when the evacuations from the ileostomy were excessive. During these periods the 
patient lost progressively in weight, but several determinations of the plasma proteins showed 
normal results. However, during one episode when the amount of discharge from the 
ileostomy and the loss of weight were exceptionally severe, the blood serum protein dropped 
to an appreciably lower level, indicating the excessive strain being put on the protein 
metabolism and the protein replacement function. 


Clinical Distribution of Hypoproteinemia.—Various grades of hypoproteinemia 
have been clinically observed in many abnormal states and in many forms of disease. 
Deficiency of plasma protein, including lessening of the normal reserve, occurs in 
any basic condition of undernourishment (maintenance on an insufficient diet, 
starvation, prolonged vomiting), in any condition associated with loss of digestive 
capacity (disease of the stomach or of the pancreas, for example) and in any con- 
dition associated with decreased intestinal absorption with or without increased 
elimination from the alimentary tract (the various diarrheas and dysenteries). 

Hypoproteinemic states are found in all varieties of disease of the liver, atrophic 
and hypertrophic cirrhosis, the various forms of acute and subacute yellow atrophy, 
biliary cholelithiasis, acute and chronic forms of cholangitis in its gross and capillary 
forms, and other conditions; after burns of the body; in syphilitic, tuberculous and 
cancerous disease of the liver; in all forms of traumatic, toxic or chemical injury 
of the liver, and in the destruction accompanying suppuration of the liver 
(Johansen **; Thompson, McQuarrie and Bell **; Casten, Bodenheimer and 
Barcham,** and others). 

In severe thyrotoxic disease two factors operate to produce protein deficiency : 
(1) an associated parenchymal lesion in the liver and (2) the increased catabolism 

— F. C.: The Gastrointestinal Tract and the Liver, J. A. M. A. 121:720 (March 
6) 


= Johansen, A. H.: Hypoproteinemia, Acta path. et microbiol. Scandinav., 1938, supp. 37, 
p. ‘ 

42. Thompson, W. H.; McQuarrie, I., and Bell, E. T.: Edema Associated with Hypo- 
genesis of Serum Proteins and Atrophic Changes in the Liver, with Studies of Water and 
Mineral Exchanges, J. Pediat. 9:604, 1936. 

43. Casten, D.; Bodenheimer, M., and Barcham, I.: A Study of Plasma Protein Variations 
in Surgical Patients, Ann. Surg. 117:52, 1943. 
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of protein due to the generally increased metabolic activity shown by the high 
metabolic rate. The importance of this is becoming more and more generally 
known. 

Protein deficiency also occurs in renal conditions (nephroses) in which albumi- 
nuria is an important factor. In certain severe conditions accompanied by excessive 
loss of nitrogen due to abnormal destruction of tissue, there are large losses of 
nitrogen in the urinary output, and tissue and reserve stores of protein become 
abnormally depleted. Frequently, too, this loss is enhanced by the inability to take 
and absorb nutrition for replacement purposes. Protein deficiency is also found 
in the malnutrition accompanying the wasting of any chronic disease (cancer, 
tuberculosis), often in association with various grades of anemia. 

In accordance with the basic production mechanisms of hypoproteinemia, one 
can distinguish three types of this general protein deficiency : 


(a) Hypoproteinemia of the prehepatic type is caused by interference with ade- 
quate nutritional intake, digestion or absorption of plasma protein—building mate- 
rials without any disturbance of the ability of the liver to form plasma proteins ; 
only the supply of protein building material is inadequate. This is the most general 
and important cause of hypoproteinemia. 


Case 3.—A 60 year old woman was admitted to the hospital with the diagnosis of colonic 
cancer. A thorough workout failed to confirm the diagnosis. There was an enormous 
accumulation of intestinal content, and it took almost a week to clean out the colon thor- 
oughly. There was so little desire for food for a number of weeks that the patient ate almost 
nothing. The total plasma protein was low—4.76 Gm. per hundred cubic centimeters at a 
specific gravity of 1.0214. Several weeks after leaving the hospital the patient died, and 
although the actual cause of death was not established by postmortem examination, there is 
little doubt but that the continued extreme undernourishment was the important contributory 
factor. 


(b) Hypoproteinemia of the hepatic type results from an inability of the liver 
itself to build plasma proteins despite the fact that adequate supplies of plasma 
protein—building material are received. In most of the reported cases, this is accom- 
panied with other evidences of a reduction of hepatic function in the presence of 
apparent disease of the liver. A similar effect is demonstrable in latent hepatic 
disease also. 


Case 4.—During the course of a cholecystectomy for attacks of gallbladder colic caused 
by small biliary calculi, it was demonstrated that several large glands were present at the 
porta hepatis, which surrounded the hepatic duct. At this time no jaundice was present, and 
the total serum protein was 6.39 Gm. per hundred cubic centimeters. Later jaundice devel- 
oped and became intense (icteric index, 108). Nothing could be done surgically to relieve 
the obstruction, which was proved to be due to these enlarged glands. When the patient 
died, the postmortem examination showed, in addition, biliary cirrhosis with accompanying 
splenomegaly. At the height of the jaundice the total plasma protein had declined to 5.0 Gm. 
per hundred cubic centimeters. 


(c) Posthepatic hypoproteinemia is caused by an abnormal loss of plasma pro- 
teins after adequate formation of these proteins by the liver as in: (a) repeated 
bouts of severe diarrhea; (>) excessive albuminuria (nephrosis) ; (c) large hemor- 
rhage; (d) any outpouring of serum into any hollow cavity (pleural effusion, 
peritoneal fluid in ascites or peritonitis) ; (e) exudation in large traumatic areas 
(burns). This form is often combined with undernutrition (group 1). 


CASE 5.—A 40 year old man with terminal ileitis suffered frequent bouts of fairly severe diar- 
rhea combined with some ill-advised undernutrition. The total plasma protein was 4.6 Gm. 
per hundred cubic centimeters in the presence of a continuous slight loss of weight. 
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General Pathologic Changes Due to Hypoproteinemia.—(a) Nutritional edema: 
In any appreciable hypoproteinemic state the most obvious alterations of tissue 
structure are those resulting from the disturbance in water distribution, namely, 
edema of the subcutaneous tissues and of various viscera (more frequently the 
lungs and the gastrointestinal wall; less frequently the cardiac muscle, the liver, 
the pancreas, the brain and the skeletal muscle). Collections of fluid may also be 
found in the peritoneal, the pleural and the pericardial cavity. There is no tem- 
poral or other correlation between the presence and the localization of the edema 
because the time of onset and the distribution of the edema are determined by: 
(1) the intake of fluid; (2) the amount of basic ions, particularly sodium ions, 
dissolved in the body fluids (an increase in the amount of such ions tends to pro- 
mote edema) ; (3) any increased permeability of the capillaries resulting from local 
burns or trauma, or general capillary injury (infection) ; (4) diminution of tissue 
tension or pressure (usually from any form of malnutrition). 

In the absence of much deficit of tissue protein there is a greater tendency toward 
accumulation of fluid in the hollow spaces (e. g., hydrothorax). With nutritional 
depletion of both plasma and tissue protein, a high incidence of subcutaneous edema 
occurs. 


When animals are fed low protein diets, the so-called nutritional edema develops pre- 
sumably because there is a concomitant fall in the plasma protein level and in the osmotic 
pressure when the protein content of the diets is decreased. In man, however, nutritional 
edema is often associated with other dietary deficiencies, even though the primary etiologic 
factor may be a diet insufficient to preserve nitrogen equilibrium. The experimental evidence 
of this is still not conclusive. Bloomfield** expressed the belief that other factors are 
present. 


(b) Defects in protein tissue: Lesions of the tissues other than those associ- 
ated with edema commonly take the form of defects in protein tissue—partial dis- 
appearance of the cardiac muscle fibers and of the muscle; fatty metamorphosis of 
the hepatic lobules with areas of necrosis in the midzonal areas (Bablet and 


Normet **) ; loss of substance and increased water content of the hepatic cell 
(Elman and Heifetz **). 


Effect of Hypoproteinemia on the Liver.—The effect of hypoproteinemic states 
on the liver cell is most definite. In order to maintain a state of high efficiency in 
the liver cell, abundant protein is necessary. In hypoproteinemia, the lipotropic 
effect of protein is diminished, and the livers become fatty owing to the accumulation 


of fat in the hepatic cells. In far advanced cases interstitial fibrosis (cirrhosis) 
follows : 


_ Experimentally, Gyorgy and Goldblatt 2* have shown that rats maintained on a diet low 
in casein with a moderately high content of fat and without choline regularly exhibited 
hepatic injury after between one hundred and one hundred and fifty days. The hepatic 
injury exhibited in sequence changes that varied from diffuse necrosis, resembling human 
acute or subacute yellow atrophy, to advanced portal cirrhosis. Diffuse necrotizing nephrosis 
was a frequent accompaniment of the hepatic injury (hepatorenal syndrome). 

A certain amount of confusion has resulted experimentally because of reports of the possible 
deleterious effect on the kidney of diets rich in protein. However, the results obtained by 
various research workers are conflicting; in some instances chronic nephritis was observed and 


’ 44. Bloomfield, A. L.: The Effect of Restriction of Protein Intake on the Serum Protein 
Concentration of the Rat, J. Exper. Med. 57:705, 1933; Effect of Carrot Feeding on Serum 
Protein Concentration of Rat, ibid. 59:687, 1934. 

45. Bablet, J., and Normet, L.: Les lésions histopathologiques de la bouffissure d’Annam, 
Bull. Acad. de méd., Paris 117:242, 1937. 

46. Elman, R., and Heifetz, C. J.: Experimental Hypoalbuminemia: Its Effect on 


Morphology, Function and Protein and Water Content of Liver, J. Exper. Med. 78:417, 
1941. 
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in others only apparently compensatory hypertrophy of the kidneys, without obvious lesions. 
The confusion has led to the conclusion of McCollum, Orent-Keiles and Day 4? that the 
“relation of dietary protein level to the kidney lesions remains a mystery.” Observations 
on Eskimos in Greenland have shown that their high protein diet does not predispose to renal 
or to vascular disease. Stefansson and Anderson, who lived for a protracted period on an 
exclusive meat diet of high protein content, completed the experiment without rise in blood 
pressure or signs of renal impairment. 


Effect of Hypoproteinemia on the Healing of Wounds.—Clinically it is observed 
that hypoproteinemia is accompanied by difficulty in the healing of any coexisting 
operative wounds, owing to deficiency of fibroblast formation. Healing is slow, 
the tensile strength of the resultant scar is low and the tendency toward disruption 
of the wound is greater in this group than in patients with hyperproteinemia. The 
deleterious influence of hypoproteinemia seems to be limited to the proliferation of 
the fibroblasts. 


In the case of colonic polyposis described on a foregoing page (case 2) it was noted that 
the condition of the wound about the ileostomy was exactly comparable to the state of 
nutrition and the level of protein in the blood plasma. In periods of protein deficiency the 
wound was covered with a grayish exudate and there was not only no evidence of progressive 
healing but the wound broke down additionally. As the state of nutrition and the level of 
protein in the blood plasma improved, these appearances disappeared, and one very successful 
and large transfusion of whole blood caused the wound to heal with extreme rapidity and with 
great efficiency. 

Reversal of the Albumin-Globulin Ratio in Clinical Conditions.—Foley and his 
associates ** found that in the presence of advanced hepatic damage the albumin 
content of the blood plasma is reduced and there is a reversal of the albumin-globulin 
ratio. Snell corroborated this both clinically and experimentally and showed, in 
addition, that the findings become reversed as improvement takes place. According 
to Gray,*® the most characteristic alterations of the plasma proteins are a large 
increase in gamma globulin and a decrease in plasma albumin. These changes are 
seen more frequently and to the greatest degree in cirrhosis of the liver and next 
most frequently in the acute parenchymal diseases. Frequently, the albumin- 
globulin ratio is normal, but chemical analysis shows that the qualitative distribution 
of the alpha, beta and gamma globulins is invariably abnormal during the acute 
stage. Significant increases in beta globulin are observed in all types of hepatic 
disease but to a considerably less degree and frequency than the globulin changes. 
Jaundice alone does not produce any significant changes in plasma protein. The 
diseased liver appears to produce the protein fractions of largest molecular weight. 
This may be explained by Whipple’s *' theory that protein is stored in the liver as 
complex protein aggregates, which are broken down by the liver to supply plasma 
and tissue proteins as these are needed. This “intermediate protein” is converted 
into gamma globulin by the diseased liver more readily than into the smaller protein 
fractions, such as alpha globulin and albumin. It appears also that the protein 
changes associated with disease of the liver result primarily and to the greatest 
extent from the inability of the liver to produce normal plasma proteins rather than 
from external loss of proteins as in ascitic fluid. 


47. McCollum, E. V.; Orent-Keiles, E., and Day, H. G.: Newer Knowledge of Nutrition, 
New York, The Macmillan Company, 1939. 

48. Foley, E. F.; Keeton, R. W.; Kendrick, A. B., and Darling, D.: Alterations in Serum 
Proteins as an Index of Liver Failure, Proc. Soc. Exper. Biol. & Med. 33:430, 1935. 

49. Gray, S. J., in discussion on Greene, C. H.: Physiologic Considerations in Treatment 
of Portal Cirrhosis, J. A. M. A. 221:715 (March 6) 1943. 
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Postoperative Hypoproteinemia.—A state of negative nitrogen balance exists 
for varying periods after operation. The important factors include: (1) anesthesia ; 
(2) a major surgical procedure with operative manipulation of deeply situated 
viscera and tissues; (3) a brief period of starvation; (4) shock, fever, vomiting, 
the presence of injured tissues and other abnormalities. Cuthbertson *® demon- 
strated appreciable losses of nitrogen after severe injuries as well as after severe 
and extensive operations. There seemed to be no correlation between age, sex or 
the presence or the absence of cancer or other type of disease and the extent of the 
loss of nitrogen. 

The adverse effect of general and spinal anesthesia on the liver cell seems to be 
increased in hypoproteinemic states; preoperative and postoperative use of drugs 
of the sulfanilamide group also have the tendency to increase any destructive 
effect on the liver cell. 

The major portion of the loss of protein occurs during the first four or five 
days after operation, during which time food is not permitted at all or only in 
limited quantities; ordinarily this seems to be the most important factor. Since 
this brief period of deprivation or limitation is well tolerated, the vast majority 
of the patients recover without any special attention to the temporary abnormality 
of the nitrogen balance, and the hypoproteinemia is made good directly after the 
return to a full diet. However, the diet must contain not only protein but also 


carbohydrate and fat, as nitrogen equilibrium cannot ordinarily be achieved on a 
pure protein diet. 


Postoperative Asthenia——Quite commonly it has been noted that following 
major surgical operations of various types there is frequently rather prolonged 
asthenia, which is often appreciable for a few weeks after discharge from the hos- 
pital. Leriche referred to this syndrome, which cannot be clearly defined, as 
maladie postopératoire and ascribed it to generalized disturbances of the sympa- 
thetic nervous system. This form of asthenia has been encountered, perhaps, most 
often after operation on the pancreas—pancreatic asthenia (Whipple **)—and 
less often after operation on the gallbladder or the liver, or after severe destructive 
disease. Not enough is known concerning all of these forms of- postoperative 
asthenia, and further investigation is necessary. But it is interesting to speculate 
on the possible role of any postoperative loss of nitrogen in this connection. While 
the quantity of tissue protein lost may not be large, the source and the character of 
the catabolized protein under these conditions are not known and this protein con- 
ceivably differs from the stores depleted. General hypoproteinemia may result, or 
there may be a loss of certain reserve protein fractions or of necessary preceding 
amino acids, when in the course of their usual activities the subjects simply refrain 
from their customary protein foods and nevertheless continue their normal activities. 


TREATMENT OF CLINICAL HYPOPROTEINEMIA 


The preventive treatment of hypoproteinemic states depends to a great degree 
on the cause of the deficiency and on the method of its production. In ordinary 
states of undernourishment the essential of therapy is increased and abundant 
nourishment. In disease of the gastrointestinal tract, this must be combined with 
rectification of the underlying disease by an increase of the digestive action, by an 
elimination of abnormally increased bowel content and so on. In hemorrhage, 
replacement of the lost blood is imperative. In essential disease or injury of the 
hepatic parenchyma, removal of the cause—chemical or other poisoning, deficiency 
of food with and without deficiency of vitamin supply, and other causes—must be 
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accomplished. In thyrotoxic disease, subtotal thyroidectomy is necessary. In renal 
nephrosis and albuminuria the condition of the kidneys must be improved. 

In mild states of hypoproteinemia these measures, including the proper addi- 
tional supply of protein foods by mouth, will suffice. The oral administration of 
properly prepared amino acids is helpful. It has been shown conclusively that a 
mixture containing all the essential amino acids can be administered orally without 
untoward effect ; that amino acid mixtures so administered may be substituted for 
protein in the diet; that by this means a patient may be maintained in nitro- 
equilibrium. Amino acids are absorbed rapidly from the gastrointestinal tract. 
Theoretically, essential amino acids introduced into the upper part of the jejunum 
should be promptly absorbed. However, when introduced in large quantities in clini- 
cal practice they are apt to be irritating. The two practical disadvantages at present 
are that the material is difficult to obtain in pure form and that it is expensive. 

If success does not follow in these cases of mild hypoproteinemia or follows 
in insufficient degree, or if the grade of the protein deficiency is severe, or if there 
is any necessity for urgency in the correction of the hypoproteinemic state, more 
active measures are necessary, including the parenteral replacement of protein. 
This has become an increasingly important clinical therapeutic need only during 
the past decade. There is an increasing realization of the frequency and seriousness 
of hypoproteinemia in clinical conditions and of the apparent inability of the body 
always to correct this deficiency spontaneously. There is a growing appreciation of 
the fact that protein needs other than those for the synthesis of plasma proteins 
are important in many patients nutritionally depleted and unable to absorb and 
utilize adequately nourishment by mouth. Parenteral replacement of protein can 
be accomplished by (1) the transfusion of fresh whole blood, (2) the transfusion 
of wet or dried human plasma, (3) the reinfusion of ascitic fluid and (4) the 
parenteral administration of amino acids. 


Transfusion of Whole Blood or Plasma or Both——The transfusion of whole 
blood is the most satisfactory method for restoring the protein supply. When for 
any reason blood is not available, human plasma forms a most excellent substitute 
and practically approaches completely fresh whole blood even though at present 
it suffers from the temporary disadvantages of expense and inadequacy of supply. 
About 1,000 cc. of plasma is required to raise the protein content of the plasma of 
the average adult 1 Gm. per hundred cubic centimeters. For severe hypopro- 
teinemia many liters of plasma may be needed. When plasma is given, absorption 
and synthesis are unnecessary. After injuries of the liver or burns, for example, 
plasma transfusions have proved life saving. 

Reinfusion of Ascitic Fluid—lIn the hypoproteinemia accompanying cirrhosis 
with ascites the patient’s own ascitic fluid may be used. Remarkable results have 
followed: The plasma proteins become elevated; great diuresis follows, and the 
ascitic fluid may not reform for a rather long time. 


Parenteral Administration of Properly Prepared Amino Acids (for Example. 
H ydrolized. Casein)—The possibility of supplying protein parenterally with amino 
acids was successfully applied experimentally as early as 1913 by Henriques and 


Andersen °° and has since been suggested for clinical use by others, particularly by 
Rose * in 1934. 


50. Henriques, V., and Andersen, A. C.: Ueber parenterale Ernahrung durch intravenése 
Injektion, Ztschr. f. physiol. Chem. 88:357, 1913. 

51. Rose, W. C.: The Significance of Amino-Acids in Nutrition, in Harvey Lectures, 
1934-1935, Baltimore, Williams & Wilkins Company, 1935, vol. 30, p. 49. 
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(a) Administration by the intravenous route: The intravenous administra- 
tion of amino acids has been employed by Elman,®* Farr and MacFayden,®* Shohl 
and associates,** Whipple and associates * and others. Theoretically, the method 
is good, but it presents several practical difficulties, not the least of which is the 
preparation of a standardized hydrolysate safe for intravenous use. The solution 
may be administered at the rate of 1 to 2 Gm. of amino acid nitrogen an hour. 
When so administered, over 95 per cent of the amino acids can be utilized in patients. 

The earlier difficulties have largely disappeared with successive improvements 
in the manufacture of proper hydrolyzed casein, which has been found to be the 
best source of material. The solubility has increased so that a perfectly clear 
solution can be administered intravenously with a minimum danger of phlebitis 
when long periods of venoclysis are required. This tendency, however, in any 
case is not great with the dilute (2 per cent) solutions. 

The most serious difficulty has proved to be the occurrence of occasional febrile 
reactions (Shohl and co-workers **; Elman,** and others). 

Untoward reactions are due to one or more factors connected either with 
the manufacture of the hydrolyzed casein, with its method of solution and prepa- 
ration for intravenous use or with the technic—i. e. the rapidity of the administra- 
tion itself. Whether such uniformity can be or actually has been achieved awaits 
further experience. Nevertheless, the preparation now available for experimental 
use has been administered to 35 patients by Elman.” 

In the experience of Brunschwig, Clark and Corbin ® minor disturbances 
were frequent, including anoxia, mild and occasionally severe nausea and vomiting 
and a generalized disagreeable flushing sensation. In exceptional instances these 
were sufficiently pronounced to warrant discontinuation of injections after one 
or several attempts. 

It appears that in certain types of acute hepatitis a sudden flooding of the 
circulation with amino acids is too great a physiologic load for the liver to tolerate. 
Nevertheless, postmortem studies of 9 patients who received substantial quantities 
of casein digest during their terminal disease failed to reveal evidence of toxic 
effects ascribable to the digest. 


(b) Administration by the subcutaneous route: When intravenous injections 
are not well tolerated, a.3.3 per cent solution in distilled water may be given 
safely by hypodermoclysis without discomfort and without reaction in the tissues. 
Patients with clinical icterus or icteric forms with marked damage of the liver as 
shown by functional tests commonly have reactions after intravenous injections 
but tolerate hypodermoclyses of the 3.3 per cent solution well. 


52. Elman, R.: Parenteral Replacement of Protein with the Amino-Acids of Hydrolyzed 
Casein, Ann, Surg. 112:594, 1940; Serum Albumin Regeneration Following Intravenous 
Amino-Acids (Hydrolyzed Casein) in Hypoproteinemia Produced by Severe Hemorrhage, 
Proc. Soc. Exper. Biol. & Med. 48:14, 1940. 

_ 33. Farr, L. E., and MacFayden, D. A.: Amino-Acid Nitrogen in Urine of Children with 
Nephrotic Syndrome Following Intravenous Amino-Acids, Proc. Soc. Exper. Biol. & Med. 
42:444, 1939. 

54. Shohl, A. F.; Butler, A. M.; Blackfan; K. D., and Maclachlan, E.: Nitrogen Metabo- 
lism During Oral and Parenteral Administration of the Amino-Acids of Hydrolyzed Casein, 
J. Pediat. 15:469, 1939. 

35. Whipple, G. H.; Smith, H. P., and Belt, A. E.: Shock as a Manifestation of Tissue 
Injury Following Rapid Plasma Protein Depletion: The Stabilizing Value of Plasma Pro- 
tems, Am. J. Physiol. 52:72, 1920. 

_ 56. Brunschwig, A.; Clark, D. E., and Corbin, N.: Postoperative Nitrogen Loss and 
Studies of Parenteral Nutrition by Means of Casein Digest, Ann. Surg. 115:1091, 1942. 
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(c) Injection into the bone marrow: Solutions of amino acids were found 
to be equally effective when injected into the bone marrow. The latter method 
offers a satisfactory way of achieving parenteral administration when the other 
routes are inaccessible, impossible or inadvisable. 


SUMMARY AND CONCLUSIONS 


A low concentration of plasma protein should be taken as a clinical indication 
of a profound nutritional disturbance and of a general metabolic deficiency dis- 
ease. This may be a primary condition or one secondary to serious disease espe- 
cially of the hepatic parenchyma: Any local manifestation may therefore be either 
the cause or the result of this abnormality, and commonly both of these effects 
become intertwined clinically. Specifically, this has special reference to the albumin 
and globulin fractions of the total plasma protein in general cases of hypopro- 
teinemia (undernutrition) and to the fibrinogen and prothrombin fractions in 
sharply defined activities relating to the blood-clotting materials and function. 

Diagnostic Value of Clinically Demonstrable Hypoproteinemic States—The 
importance of plasma proteins for clinical purposes lies in the fact that they can 
be measured. In making the determinations, however, one must take account of 
any accompanying state of dehydration or of hemoconcentration, as these tend to 
give abnormally high values. Plasma changes are clinically demonstrable only 
when the reserve supplies are sufficiently compromised. In the latter event the 
protection afforded by abundant protein is lost. 

In clinical practice a single determination is not of much value. A succession 
of observations is immensely valuable because it indicates the course of the illness— 
primarily in the deterioration or the improvement of the protein function and 
secondarily in the damage of the liver cells (see case 4). 

In a general way the laboratory demonstration of a hypoproteinemic state with 
or without a coincident loss of body weight indicates some interference with the 
function of liver cells. But inasmuch as the method of production of this defi- 
ciency varies there can be no assumption of intrinsic disease of the liver except 
as it corroborates one’s diagnosis on other more appropriate and reliable criteria. 
Nevertheless, even for this purpose the repeated determinations are valuable as 
corroborating proofs of damage of liver cells when all other clinical and laboratory 
findings point definitely to the liver as the essential seat of the disease; to a lesser 
extent, this is so when latent disease is suspected. When repeated in a series, 
quantitative estimations of any protein deficiencies, with their progression or 
retrogression, give valuable information concerning the state of function of the 
parenchymal cells of the liver or of the deficiency in general and enable one to 
make fairly accurate prognostications. So that when the deterioration of function is 
progressive, as indicated by the repeated tests, or when the grade of deficiency is 
extreme, the laboratory determinations act as important criteria for determining 
the advisability of any contemplated immediate operation, the choice of an anes- 
thetic or the operative procedure. In some cases they indicate efforts to improve 
the disabling factor, and operation must then be postponed until the disability is 
removed or sufficiently improved. In still other cases they establish the irreversi- 
bility of the damage that has occurred, and when this is sufficiently far advanced, 
they contraindicate conclusively any operation of an elective nature. 

Several points have resulted from this study which seem to have a profound 
clinical importance. In view of the present tendency to “diet” one should appreci- 
ate the fact that this may produce a state of undernutrition, protein deficiency 
and hypoproteinemia, the symptoms of which, perhaps little understood until now, 
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include (1) loss of weight and strength, (2) loss of stamina or energy, (3) various 
degrees of chronic fatigue and (4) much lessened resistance to disease. In many 
cases this latency predisposes to more profound changes, especially in the func- 
tions of the liver. And the prevalence of such latent conditions is little under- 
stood at its true clinical importance among members of the medical profession. 

It seems to be true that the fat person is not necessarily “well nourished.” 
In this type of person the available protein is usually relatively overshadowed by the 
fat content. A surgeon appreciates this because of his experience that such a 
patient is not a good subject for surgery. 

The impression is growing that an enriched protein diet is not only advantageous 
but also necessary clinically for any one about to undergo the abnormal physical 
strain of an infection, an illness or an operation and for the prevention of any 
danger of postoperative hemorrhage. In this regard the previous clinical preference 
for a preponderating rich carbohydrate diet has suffered. 

Similarly it seems that if at any time there arises the necessity for the adminis- 
tration of any drug which might have a toxic or otherwise deleterious action on 
the liver, one should supply a diet very rich in protein, which would have the 
tendency of forestalling such injury. 

The Starling hypothesis has helped to explain many clinical, conditions previ- 
ously not so well understood. Sufficient available protein helps to maintain a nor- 
mal colloidal osmotic pressure in the blood stream and in the capillary bed. Protein 
deficiencies are now thought to have important clinical bearings in the immediate 
postoperative period or after severe burns and injuries in that they bring about 
states of shock and collapse, in that they cause a more or less large reduction in the 
amount of urine excreted, in that they cause states of hemoconcentration and cause 
abdominal distention (Golden *; Jones and Eaton **; Leigh**) and occasionally 
in that they facilitate obstructive manifestations (Ravdin and co-workers *°). Nutri- 
tional edema and the otherwise unexplained accumulation of fluid in the hollow 
spaces also are understood only on this basis. 

The classification of states of hypoproteinemia into (1) acute (as after hemor- 
rhage), (2) subacute (as after intestinal obstruction or peritonitis) and (3) 
chronic (as in chronic disease of the liver) is a more or less academic one. 
Clinically it suffices that one knows when and how these protein deficiency states 
occur and the measures available for their correction. 


Effect of Therapy. Adequate knowledge of this kind has greatly enlarged the 
sphere of replacement and enrichment protein therapy as a protective effect for: 
(1) preventing the deposition of fat in the liver cell; (2) preventing any impair- 
ment of the normal functions of the liver; (3) producing a powerful lipotropic 
activity when abnormal amounts of fat have previously been so deposited; (4) 
lessening the susceptibility to, and increasing the resistance to, toxic and chemical 
injuries, to infection and to other forms of disease; (5) treating some medical 
conditions (such as the different types of cirrhosis) in which protein deficiency 
is both a potential cause of the disease and an important consequence; (6) treat- 
ing conditions (such as burns) in which there is a sudden depletion of protein 
stores; (7) facilitating reparative efforts after chemical or toxic injury of the 
hepatic parenchyma; (8) preparing patients better generally for any contemplated 


57. Golden, R.: Abnormalities of Small Intestine in Nutritional Disturbances: 
Observations on Their Physiologic Basis, Radiology 36:262, 1941. 

58. Jones, C. M., and Eaton, F. B.: Postoperative Nutritional Edema, Arch. Surg. 
27:159 (July) 1933. 

59. Leigh, O. C., Jr.: 
75:279, 1942. 
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operation ; (9) preventing potential specific dangers (such as postoperative hemor- 
rhage); (10) lessening the injurious effect on the liver cells of drugs of the sulf- 
anilamide group; (11) lessening the risk of general and spinal anesthesia, and 
(12) enhancing the efficiency of healing in operative and other types of wounds. 

Clinical Response of Hypoproteinemic States to Replacement Therapy.—tThe 
response of any hypoproteinemia to replacement therapy will depend to a large 
extent on the mechanism of its production. In the hepatic type the severe damage 
of the liver renders the hypoproteinemia least responsive to treatment, and the 
response depends largely on the length of time the hypoproteinemia has been 
present and the amount of irreversible damage that has preceded treatment. The 
prehepatic type responds to treatment in proportion to the gravity of the cause. 
The posthepatic type of hypoproteinemia associated with burns usually responds 
rapidly to efficient early treatment. 

The favorable effect of efficient treatment in clinical states of hypoproteinemia 
depends on (1) the ability to remove the underlying cause, (2) the ability to 
rectify any disturbance of hepatic function, (3) the relative shortness of time for 
which these two primary disabilities have been present and (4) the relative lack 
of pathologic anatomic changes, such as edema and tissue protein defects. Good 
and favorable results of efficient treatment cannot be expected when the afore- 
mentioned factors cannot be eliminated and when any degree of infection is present 
and cannot be controlled. 


Unknown Factors.—There seems to be a great necessity for the study of certain 
hitherto elusive factors which seemingly have a profound effect. Not always do 
the available methods of therapy and protein replacement bring about the desired 
results to one’s clinical satisfaction. For instance, it frequently happens that trans- 
fusions of either plasma or whole blood are given and not much change is apparent ; 


then a transfusion is given from another donor, and the result seems almost miracu- 
lous. It must be, therefore, that certain factors become available which were not 


present previously, provided through the agency of the new donor. One sees these 
effects clinically not infrequently. 


12 East Eighty-Seventh Street. 
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RECONSTRUCTIVE PLASTIC SURGERY OF THE ABSENT 
EAR WITH NECROCARTILAGE 


AN ORIGINAL METHOD 


EDWARD S. LAMONT, M.D. 
HOLLYWOOD, CALIF. 


The individuality of the ear cartilage, and its position away from the head, 
makes reconstruction of the absent ear one of the most complex of all plastic prob- 
lems. One of the modern pioneers in the work, Updegraff, so aptly said that he 
like many others, including Blair, Brown, Gillies, New, Padgett, Kirkham and 
Pierce, had the same attitude toward their reconstructed ears as a girl has toward 
her legs: “They’re all right but I wish they were prettier.” 


HISTORICAL REVIEW 


In the sixteenth century Tagliacozzi' devised a method to repair partial losses 
of the ear by utilizing skin flaps from the scalp and neck. von Szymanowski * 
in 1870 definitely outlined a technic for restoration of the auricle: He raised flaps 
around the scalp and mastoid region, folded the tissue on itself, sutured the margins 
and then grafted the resultant raw defect. In 1908 Schmieden,* utilizing autogenous 
rib cartilage, implanted it in a flap on the breast, then transferred the flap contain- 
ing the cartilage to the region of the auricle. In 1916 Joseph * employed a pedicle 
flap from the upper aspect of the arm to reconstruct the absent ear. Later, in 
1930, he implanted ivory in a raised flap on the neck, then turned the flap and 
attempted to create an auricle. 


Gillies,® in 1920, used the skin over the mastoid area, implanted autogenous 
rib cartilage, raised this flap containing the cartilage to form the ear, then grafted 
the defect on the posterior aspect with the aid of an Esser outlay. In 1928 Pierce ® 
made a perceptible step forward by utilizing a tube pedicle from the neck and 
draping it over the outer aspect of the reconstructed ear to simulate a helix, for the 
first time giving the ear reasonable size, contour and identity. In 1937 Gillies” first 
suggested the use of maternal ear cartilage as framework for a new ear. Though 
it left the mother with some deformity, she was able to cover the robbed ear with 
hair, and the surgeon gained a total ear cartilage for transference to her offspring. 


From the Division of Reconstructive Plastic Surgery, Cedars of Lebanon Hospital, 
Hollywood, Calif. 

Presented in abridged form at a sectional meeting of the Los Angeles County Medical 
Association April 1943, in conjunction with colored motion pictures. 

1. Tagliacozzi, G.: De curtorum chirurgia per insitionem, libri duo, Ventiis, apud. G. 
Bindonum jun., 1597. 
ail a bok Szymanowski, J.: Handbuch der operativen Chirurgie, Braunschweig, F. Vieweg u. 
onn, i 

3. Schmieden, V.: Der plastische Ersatz von traumatischen Defekten der Ohrmuskel, 
Berl. klin. Wehnschr. 45:1433-1435, 1908. 

4. Joseph, J.: Korrektive Nasen und Ohrenplastik, in Katz, L.; Preysing, H., and 
Blumenfeld, F.: Handbuch der speziellen Chirurgie des Ohres, Leipzig, Curt Kabitzsch, 1921. 
5. Gillies, H.: Plastic Surgery of the Face, London, Oxford University Press, 1920. 

6. Pierce, G. W.: Reconstruction of the External Ear, Surg., Gynec. & Obst. 50:601- 
05 (March) 1930. 
7. Gillies, H.: Technique in Construction of Auricle, Tr. Am. Acad. Ophth. (1941) 
45:119-121 (Jan.-Feb.) 1942. 
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Other Modifications—Many workers* have devised modifications of known 
methods. Padgett * has presented the use of a tube pedicle flap extending from the 
tip of the mastoid to the midclavicular region; he splits the tube, using the larger 
pedicle to cover the defect on the posterior aspect as well as to anchor the ear while 
he uses the smaller one over the ear to simulate a helix. 

J. B. Brown *® suggested the use of alcohol-fixed homogenous cartilage for 
reconstructing the absent ear; however, it has been his policy of late to adhere 
to direct transplants with autogenous rib cartilage. Pierce and O'Connor ™ have 
projected a method of using preserved rib cartilage, refrigerated and stored in 
merthiolate saline solution, 1: 1,000. Greeley,'* following Gillies’ method of using 
maternal ear cartilage, has outlined a procedure whereby a dental mold of the donor’s 
(mother’s) ear is applied after the cartilage has been removed. He believes that 
by this method of support excessive shrinkage is prevented. Updegraff** sug- 
gested that preserved rib cartilage be utilized to replace the donor’s ear and thus 
lessen the resulting deformity. 

Kirkham '* removed cartilage from rabbits’ ears in chronologic hours after their 
death. He transplanted the cartilage to live rabbits ; then he examined it six months 
later. He reports that the cartilage had retained its dimension and ferm. Micro- 
scopically it was divulged that the cell spaces were vacuolated and the nuclei 
markedly deformed. He also suggests ** that ear cartilage of cadavers might be 
used for reconstructing the absent ear. 

Converse, discussing Gillies’* paper in 1941, presented a motion picture film 
depicting transplantation of ear cartilage taken from a donor who had died two 
hours previously from coronary thrombosis. 


OTHER PROBLEMS ARISING WITH THE ABSENT EAR 


The ear is partially or totally absent in approximately 1 out of 20,000 infants 
at birth. The parents immediately assume guilt, and it requires careful tact on the 
part of the physician to explain these congenital deformities. The reconstruc- 
tion of the absent auricle may physiologically be begun when the patient is 5 or 
6 years old, as at this time the ears have virtually gained their full normal growth. 
However, in a great majority of cases some procedure must be started earlier to 
appease the parents and to cushion their psychic upset. 


Presurgical Procedures——When babies with a remnant of an ear like the ear 
in figure 1 are presented for reconstruction, we insert either a vitallium metal mold 


8. Cox, G. H.: Surgery of the Auricle; Laryngoscope 51:791-797 (Aug.) 1941. Davis, 
A. D.: Plastic Surgery of the Ear, Nose and Face, Arch. Otolaryng. 10:575-584 (Dec.) 
1929. New, G. B.: Reconstruction of External Ear, Proc. Staff Meet., Mayo Clin. 6:97 
(Feb. 18) 1931. 


9. Padgett, E. C.: Total Reconstruction of the Auricle, Surg., Gynec. & Obst. 67:761- 
768 (Dec.) 1938. 


10. Brown, J. B.: Preserved and Fresh Homotransplants, Surg., Gynec. & Obst. 70: 
1079-1082 (June) 1940. 

11. O’Connor, G. B., and Pierce, G. W.: Refrigerated Cartilage Isografts, Surg., Gynec. 
& Obst. 67:796-798 (Dec.) 1938. O’Connor, G. B.: Merthiolate (Mercury Compound) 
Tissue Preservative and Antiseptic (for Refrigerated Cartilage Isografts), Am. J. Surg. 
45:563-565 (Sept.) 1939; Refrigerated Isografts: Source, Storage and Use, California & 
West. Med. 52:21-23 (Jan.) 1940. 

12. Greeley, P. W.: Reconstruction Otoplasty, Surgery 10:457-461 (Sept.) 1941. 

13. Updegraff, H. L.: The Cartilage Implant, Am. J. Surg. 14:492-498 (Nov.) 1931; 
Reparative Surgery, Australian & New Zealand J. Surg. 9:237-258 (Jan.) 1940. 


14. Kirkham, H. L. D.: Use of Preserved Cartilage in Ear Reconstruction, Ann. Surg. 
111:896-902 (May) 1940. 





wn 
the 


ger 
hile 


for 
ere 
ave 
| in 
sing 
or’s 
that 
sug- 
thus 


heir 
nths 
icro- 
uclei 
it be 


film 


two 


fants 
n the 
struc- 
5 or 
owth. 
ier to 


e ear 
mold 


Davis, 
(Dec.) 
». 6:97 


57: 761- 
st. 70: 

Gynec. 
ypound ) 


Surg. 
rnia & 


) 1931; 


1. Surg. 


LAMONT—RECONSTRUCTION OF ABSENT EAR 55 


or preserved rib cartilage so as to stretch the skin. Thus we gain sufficient skin 
to act as a recipient for the ear necrocartilage which is implanted when the child has 
reached the age desirable for its acceptance. 


External Auditory Canal——The problem of creating an external auditory canal 
often arises. It is localized to congenitally absent ears unless the ear has been 
traumatically evulsed. Before an attempt is made to reconstruct a canal the 
following measures must be carried out: Careful audiograms are taken to evaluate 
hearing on the affected side and to gage the amount of possible improvement that 
might occur if a canal were present. Laminograms of the middle ear should be 
made, to substantiate the presence of ossicles. It has been the experience of my 
associates and myself that patients with a congenitally absent ear have some defect 
of the inner ear. The hearing of many of these patients with no canal is decreased 
from 20 to 50 decibels and drops off more for the high tones. The latter fact 
might serve to substantiate that the loss is perceptive rather than conductive, in 
which case hearing would be less for all tones. Beck'® in performing an autopsy 
on a patient with a rudimentary ear found an absence of the middle and the inner 
ear. There are several such cases reported in the literature, substantiating our 
clinical findings. 

Method of Reconstructing the External Auditory Canal.—Should the canal 
require construction the method of procedure is briefly as follows: The area for the 
future canal is carefully dissected, and its diameter calibrated to allow appreciably 
for shrinkage. A split skin graft is sutured around a dental stent with the skin sur- 
face inward. This mold is inserted into the previously dissected area and allowed to 
remain until the graft has been accepted. 

As a rule the external auditory canal is not necessary for cosmetic effect, and 
its ability to improve hearing in these cases is rare. 


Facial Atrophy.—In virtually 90 per cent of our cases of a congenitally absent 
ear there has been facial asymmetry on the affected side. Measurements demon- 
strate that side of the face to be smaller, and examination reveals the musculature 
to be underdeveloped. It might be logical to believe that the congenital lesion 
affecting the facial nerve somewhere along the canal also involves the inner structure 
of the ear. 

PURPOSE OF THE EXPERIMENT 

A review of ears reconstructed by most methods revealed that many presented 
mutual disadvantages. Some were too small when compared with the opposite 
ear. The general contour was often too gross and did not present the delicate 
whorls indigenous to ear cartilage. Many had collapsed into bizarre shapes because 
the struts of rib cartilage were insufficient as framework. In others the skin graft 
placed over the defect on the posterior mastoid surface had contracted or its pigment 
had been affected so as to be cosmetically unattractive. In a few cases the incision 
was cut too high on the scalp and included an area with hair which continued to 
grow on the anterior surface of the reconstructed ear; many in spite of epilative 
procedures. 

With these factors in mind we sought a new method or some modification of 
an existing one that might improve the final result in reconstructed ears. Scien- 
tific procedures are much like a telephone dial: The few numbers are constant 
but their combinations are almost innumerable, and often the correct combination 
presents something interesting and choice on the other end of the line. 


15. Beck, J. C.: The Anatomy, Psychology, Diagnosis and Treatment of Congenital 
Malformation and Absence of the Ear, Laryngoscope 35:813-831 (Nov.) 1925. 
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The purpose of the experiment was to decide the course of necrocartilage in 
human beings when placed in pockets in the abdominal wall, in the posterior 
mastoid area, and when kept in solution; then to compare these results with 
cartilage handled in the same way but primarily treated with different solutions 
and finally to compare necrocartilage with autogenous cartilage. 


EXPERIMENTAL METHOD 


The total ear cartilage was dissected from a person after he no longer had any use for it. 
I call this cartilage ear necrocartilage. Further, sections of rib cartilage were taken from 
the same person for comparative study. I call this cartilage rib necrocartilage. The total 
ear cartilage taken was treated in several different ways. Some cartilage was placed in 
solution of formaldehyde for four days, then carefully washed, transferred to merthiolate 
solution and stored in the ice box. Other specimens were placed directly in the merthiolate solu- 
tion and refrigerated. 

In patients chosen for an ear necrocartilage graft, pieces of the same graft were trans- 
planted to pockets in the anterior abdominal wall. In 1 case (fig. 10) a piece of ear necro- 
cartilage was placed in a prepared pocket, a section of normal ear cartilage taken from the 
opposite ear in another and a piece of rib necrocartilage in a third. Portions of these 
three sections of cartilage were refrigerated in merthiolate saline solution. At the end of seven 
days and again in forty-four, microscopic sections were made of all specimens and compared. 


PREVIOUS EXPERIMENTAL INVESTIGATION WITH CARTILAGE 


Various materials have been used as framework for reconstruction in ears as 
well as in other parts of the body. These include ivory, animal bone, paraffin, 
celluloid, human bone, cartilage and more recently metals. New ** reported the 
experimental transplantation of celluloid beneath the nasal skin in dogs, and in this 
specific series he used it clinically in 5 patients. Though reporting reasonable suc- 
cess, he discarded its use in favor of autogenous bone and cartilage transplants. 

Aufricht '* reported the use of ivory intranasally in a series of 50 patients, and 
though he had no untoward results discontinued its use a dozen years ago in favor 
of autogenous transplants. Salinger '* reported a series of 65 cases in which he 
used ivory for implantation ; removal was necessary in 5 of these following surgi- 
cal procedures, either because of infection or because of intolerance of the tissue 
to the foreign body. 

Murphy ** carried out extensive experimental work on the use of autogenous 
bone grafts. He found that bone transplanted in the same person when contacted 
with bone becomes united and is used as a bridge for the reproduction of new 
bone. Cohen ** has utilized this principle in intranasal bone and cartilage grafts. 

Cartilage more than any other element has been used experimentally as an 
implant. Work has been carried out, both in animals and in human beings with 
living and dead cartilage. Bert *° in 1865 transplanted living cartilage to animals; 
then he examined it after the latter had been killed and concluded that the grafts 
retained their viability and eventually calcified. Prudden*! in 1881 implanted 


16. New, G. B.: The Use of Celluloid in Correction of Nasal Deformities, J. A. M. A. 
70:988-990 (April 6) 1918. 

17. Aufricht, quoted by Cohen, L.: Advantage of Mixed Bone and Cartilage Grafts in Cor- 
rection of Saddle Nose and Other Depressed Deformities of Dorsum, Ann. Otol., Rhin. & 
Laryng. 49:410-417 (June) 1940. 


18. Salinger, S.: Saddle Nose: A Report on the Use of Ivory and Cartilage Implants. 
Illinois M. J. 72:412-417 (Nov.) 1937. 

19. Murphy, J. B.: Osteoplasty, Surg., Gynec. & Obst. 16:493-536 (May) 1913. 

20. Bert, P.: Sur la greffe animale, Compt. rend. Acad. d. sc. 61:587, 1865. 


21. Prudden, T. M.: Experimental Studies on the Transplantation of Cartilage, Am. | 
M. Sc. 82:360-370, 1881. 
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LAMONT—RECONSTRUCTION OF ABSENT EAR 











Fig. 1—A, complete absence of right ear depicting lack of cartilaginous structure and 
malformation of the vestigial auricle. In many such cases the tissue present may be utilized 
and stretched with vitallium mold or necrocartilage ear. Often the vestigial structure must 
be discarded and the total ear reconstructed. Frequently the external auditory canal is absent 


and little hearing is present, owing to defects in the inner ear. Careful planning of all 
stages in the procedure must be done at this time. 


B, struts made of autogenous rib cartilage have been inserted to enlarge the ear, give 


it framework and create contour. A sternomastoid tube pedicle has been raised and later 
will be severed and the distal end waltzed upward. 

(, the tube pedicle has been waltzed up to position. It has been fashioned to the desired 
length and width, so that it does not kink and is cosmetically attractive. 

PD, more autogenous cartilage has been inserted into the interstices of the auricular tissue, 
so as to create an ear approximately the same size and shape as the unaffected one. The 
pedicle has been waltzed to the anterior surface of the new helix so as to be in appropriate 
sition. 


, the tube pedicle has been attached and draped, thus giving it size, shape and similarity 
: opposite ear. 


, the ear has now been fashioned to the desired shape and though it may not have all 


the Pet whorls indigenous to a normal ear, it closely resembles the opposite ear and 


cosmetically satisfactory. (Case of the late Howard L. Updegraff.) 
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cartilage preserved in 95 per cent alcohol and found that partial absorption and 


degeneration occurred in all these grafts. Ollier ** in 1867, substantiated later by, 
Zahn’s ** work in 1884, found that both autogenous and homogenous cartilage 
grafts in animals presented degenerative changes with subsequent absorption of the 
material regardless of the type of grafts. Fischer ** in 1882 after experimental 
work with animals concluded that removal of the perichondrium was the primary 
cause of degeneration and absorption of cartilage grafts, whereas retention of it 
caused the cartilage to remain intact. In 1889 von Mangoldt ** reported a series 


Fig. 2.—A, ear necrocartilage preserved in solution of formaldehyde four days, refriger- 
ated in merthiolate-saline solution eighteen days and then implanted in the abdominal wall 
for ninety-six days. Section reveals considerable scar tissue around the plate of cartilage. 
In the scar tissue can be seen a pronounced foreign body granulomatous inflammation. The 
plate of cartilage shows moderate dissolution of the cells at the periphery with only phan- 
toms of the former structures remaining. Toward the center the cells are better preserved; 
many are vacuolated but in places intact nuclei are visible. The matrix is uniformly pink 
with slight granularity, chiefly around the cells. x 165. 

B, ear necrocartilage preserved in solution of formaldehyde four days, then refrigerated 
in merthiolate-saline solution for one hundred and fourteen days. Section of this tissue 
shows in sharp contrast to the preceding one extremely well preserved cartilage with prominent 
nuclei and cellular outlines. In places the matrix is stained pink and in others lavender. The 
perichondrium is not remarkable. x 183. 


22. Ollier, L.: Traité expérimental et clinique de la régénération des os et de la 
production artificielle du tissu osseux, Paris, V. Masson & fils, 1867. 

23. Zahn, F. W.: Ueber das Schicksal der in den Organismus implantirten Gewebe, 
Virchows Arch. f. path. Anat. 95:369-387, 1884. 

24. Fischer, E.: Ueber Transplantationen von organischem Material, Deutsche Ztschr 
f. Chir. 17:362, 1882. 

25. von Mangoldt, F.: Arch. f. klin. Chir. 39:926, 1889. 
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of cases in which he successfully transplanted autogenous costal cartilage to the 
bridge of the nose in human beings. Nélaton and Ombredanne * implanted 
autogenous costal cartilage in a forehead flap and subsequently utilized the pedicle 
in reconstructing an absent nose. 

In 1926 Loeb,*’ using xiphoid cartilage with perichondrium both as autogenous 
and homogenous grafts in guinea pigs, examined the cartilage microscopically in 
chronologic order from a day to five and one-half months later. Though the grafts 
were successful, he found virtually no reaction around the autografts and a concen- 
tration of lymphocytes and connective tissue around the homografts with necrosis 
of the latter. Interestingly enough in the latter graft, local reaction disappeared 











_Fig. 3.—Fresh rib cartilage specimen taken from a patient at the operating table and 
reirigerated in merthiolate-saline solution for ninety-six days. Section of this tissue reveals 
a fairly well preserved structure. The matrix is uniformly hyaline. Immediately around the 
cells the matrix is deeply blue stained. Elsewhere it is bluish pink. The cells are considerably 


vacuolated for the most part. In some places they are well preserved with intact nuclear 
structures. x 220. 


after three weeks, and when he removed the piece five and one-half months later, 
it was practically intact. In 1926 Mannheim and Zypkin,”* implanting autogenous 


26. Nélaton, C., and Ombredanne, L.: La rhinoplastie, Paris, G. Steinheil, 1904. 

27. Loeb, L.: Autotransplantation and Homoiotransplantation of Cartilage in Guinea-Pig, 
\m. J. Path. 2:111-122 (March) 1926. 

28. Mannheim, A., and Zypkin, B.: Ueber freie autoplastische Knorpeltransplantation, 
Arch, f. klin. Chir. 141:668-672, 1926; abstracted, J. A. M. A. 87:2132 (Dec. 18) 1926. 
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cartilage in guinea pigs, noted that though the former retained all its structure, 
aiter a time there were small microscopic changes, both degenerative and regenera- 
tive. They concluded, further, that cartilage transplanted without perichondrium 
was better preserved than cartilage transplanted with perichondrium. Nageotte “a 
in 1922, using rabbit ears as the recipient area, refrigerated cartilage previously 
fixed in alcohol. He reported that after a time the surrounding tissues invaded the 
cartilage, that the cartilage lost its staining properties, and that some calcification 
took place. 


Davis *° in 1917 used autogenous rib cartilage for intranasal transplants and 
concluded that there was little or no absorption. A similar view was reported by 
Gillies > in 1920, and his clinical conclusions were that homografts were reasonably 
permanent and rarely invaded by fibrous tissue. He hoarded a piece of autogenous 
cartilage and a piece of fresh homocartilage in a pocket beneath the abdominal wall 
of a patient and after a year and one-half found both pieces viable with no change 
in the autograft and the homograft showing some vacuolation of cells. 


In 1922 Polettini ** buried alcohol-fixed cartilage in various parts of rabbits and 
found fibroblastic and connective tissue penetration within the cartilage, associated 
with new cartilage and bone formation. In 1927 Nigrisoli ** took cartilage from a 
calf, fixed it in alcohol and grafted it in guinea pigs. He examined the grafts 
after a week and after six weeks, and though they had survived, fibroblastic and 
connective tissue invasion into the cartilage had occurred in conjunction with 
calcification. 

Neuhoff ** in 1923 used autogenous rib transplants in patients and concluded 
that they were eventually absorbed and replaced by fibrous tissue. Didier and 


29. Nageotte, J.: Organisation de la matiére dans ses rapports avec la vie, Paris, Masson 
& Cie, 1922. 

30. Davis, J. S.: Some of the Problems of Plastic Surgery, Ann. Surg. 66:88-94, 1917. 

31. Polettini, B.: Su neoformazioni cartilaginee ed ossee determinate da innesti di fram- 
menti di cartilagine e d’osso fissati, Arch. ital. di chir. 6:179-191 (Nov.) 1922. 

32. Nigrisoli, P.: Esperimenti di nnesto di cartilagine fissata nel rene e di sostituzione 
di parti scheletriche con cartilagine fissata, Arch. per le sc. med. 49:689-703 (Dec.) 1927. 


33. Neuhoff, H., and Hirschfeld, A.: The Transplantation of Tissues, New York, D. 
Appleton and Company, 1923, pp. 205-215. 








EXPLANATION OF FiGuRE 4 


A, fresh ear cartilage taken from a patient at the operating table and placed directly 
into Bouin’s solution to be used as control. The tissue is well preserved. Three sections 
reveal well preserved cartilage cells embedded in a hyaline matrix. The staining quality 
of the matrix varies slightly, some portions being pink, other portions having a slight 
lavender cast. In some places in the latter areas there is a fine granularity to the matrix. 
The cartilage cells are slightly shrunken, but the nuclei are visible. A few cartilage cells 
can be seen without evidence of nuclei. x 183. 

B, fresh ear cartilage implanted in the anterior abdominal wall for seven days. Section 
reveals a small amount of organizing granulation tissue around the periphery. The cartilage 
presents moderate alteration from the normal. There appears to be a dissolution of the 
matrix characterized by an irregular mottling of portions of the matrix with pink while the 
remainder is light and dark blue. The cartilage cells show loss of nuclei with considerable 
vacuolation of the cells to a large extent. x 183. 

C, fresh ear cartilage implanted in the anterior abdominal wall for forty-four days. 
The piece of cartilage shows considerable dissolution of the usual architecture with only 
phantoms of the former structures remaining. The matrix is diffusely pink. The outlines 


| the former cells and nuclei can be seen in some areas. The remainder of the tissue shows 
nsiderable fibrosis. x 183. 
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Guvon ** in 1928 utilizing rabbits as recipients implanted alcohol-fixed cartilage 
grafts. After eight and one-half months microscopic sections revealed fibroblastic 
invasion and calcification of the cartilage. 

In 1938 Peer *° implanted sections of human septal and costal cartilage, pre- 
served in 50 per cent alcohol, beneath the skin of the anterior thoracic wall of human 
beings. The transplants were removed for microscopic examination at chronologic 
intervals from one week to fourteen months. He found a foreign body reaction about 
the transplants which lasted until the thirty-second day and was virtually absent in 
sections removed later. From the thirty-second day through four months the 
graft remained as a tolerated dead foreign body. The cartilage buried for fourteen 
months disclosed fibroblastic invasion with some absorption and calcification. In 
1939 Peer ** reported further on this work. He said that dead cartilage grafts 
fixed in alcohol and buried under the skin of the chest of human beings and 
examined after nine and one-half months to two years showed a progressive 
invasion by fibroblastic tissue and partial absorption of the cartilage, whereas 
autogenous rib cartilage hoarded under the same circumstances and at the same 
time showed no invasion or absorption. Two pieces of autogenous cartilage 
buried for four and one-half and six years respectively appeared microscopically as 
living cartilage. He concluded that fresh autogenous rib cartilage was better 
material for plastic repair than autogenous cartilage fixed in alcohol. 

Brown ** after years of experience with homografts is rational in his con- 
clusions. He presents the obvious advantages of homogenous cartilage: It is 


34. Didier, R., and Guyon, L.: Production de cartilage et d’os, au sein de greffes vivantes 
et mortes, chez le lapin, Compt. rend. Soc. de biol. 98:443-445 (Feb. 17) 1928. 

35. Peer, L. A.: Cartilage Transplanted Beneath Skin of Chest in Man: Experimental 
Studies with Sections of Cartilage Preserved in Alcohol and Buried from Seven Days to 
Fourteen Months, Arch. Otolaryng. 27:42-58 (Jan.) 1938. 

36. Peer, L. A.: Fate of Living and Dead Cartilage Transplanted in Humans, Surg., 
Gynec. & Obst. 68:603-610 (March) 1939. 


37. Brown, J. B., and McDowell, F.: Skin Grafting of Burns, Philadelphia, J. B. Lippin- 
cott Company, 1943. Brown.1° 








EXPLANATION OF Ficure 5 


A, specimen of ear necrocartilage taken and placed directly in Bouin’s solution for fixation. 
The cartilage presents a mottled appearance with multiple focal areas of necrosis. In the 
latter areas the outlines of the structures are considerably obliterated. Elsewhere the matrix 
is a mottled light and deep pink. The cells which are somewhat shrunken in some places 
show lysis. Elsewhere though somewhat shrunken the nuclei are darkly stained and well 
preserved. X 183. 

B, ear necrocartilage implanted in the anterior abdominal wall for seven days. This tissue 
in comparison with the preceding is better preserved. There is similar irregular mottling 
of the matrix but the nuclei are well defined and there is less vacuolation of the cytoplasm. 


At the periphery the cartilage is diffusely pink stained. Here too the cells and nuclei are 
less well preserved. x 183. 


C, ear necrocartilage implanted in the anterior abdominal wall for forty-four days. This 
tissue is better preserved. The nuclei are distinct. The cytoplasm shows moderate vacuo- 
lation. The matrix is irregularly mottled. Some portions show necrosis with only phan- 


toms of the former structures. At the periphery there is a moderate amount of scar tissue. 
x 183. 


D, specimen of ear necrocartilage refrigerated in merthiolate solution for forty-four days. 


Section shows an extremely well preserved piece of cartilage. The matrix is mottled, in 
portions being deeply pink stained while other portions are slightly blue stained. The cells 
are fairly well preserved though in some places moderately vacuolated. There are irregular 


areas of alteration where the cells are poorly preserved and the matrix diffusely pink stained. 
x 183. 
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easier to obtain and less apt to curl; patterns may be made more easily, and opera- 
tion on the chest of the patient is not necessary. The disadvantages are: It is not 
as resistant to infection, and it may absorb without infection. He believes that 
experimental implantation of cartilage in animals or in the abdominal wall of 
patients is not exactly comparable to clinical use, because these beds are more 
amiable than those about the nose and face, where the cartilage is needed in recon- 
structive surgery. He further points out that preserving cartilage in alcohol causes 
a change in the cell nucleus which may erroneously lead to a diagnosis of necrosis. 


HISTOLOGY AND PHYSIOLOGY OF CARTILAGE 


Cartilage in the living apparently possesses no blood vessels of its own; often 
vessels separating adjacent tissues may pass through it.** Besides its interstitial 
substances and cells, it contains a dense capsule and perichondrium, During fixation 
cartilage cells may easily become wrinkled, and this may be mistaken for pathologic 
change. Both the cells themselves and the interstitial substances differ appreciably 
in hyaline, elastic or fibrous cartilage. 


The physiology is a moot point. Some workers have attempted to prove the 
existence of a system of canaliculi passing from one cell capsule to another through 
the interstitial substance of the cartilage. Organization of fibrils connecting adjacent 
cells has been discussed by some authors. Others believe these to be artefacts. In 
gross experiments nontoxic stains used on living cartilage demonstrate the dye to 
be quickly and easily absorbed by the interstitial substance. And so it is believed 
that cartilage in situ is permeated by tissue fluids from the perichondrium and in 
this way gains and maintains life. 

When cartilage is excised regeneration does not take place, because the cells 
of mature cartilage do not divide in mammals. The defect is rapidly filled in with 
connective tissue, gained from the perichondrium or adjacent fascia. The fibro- 
blasts of this granulation tissue produce capsules around themselves and often 
become transformed into new cartilage cells in the interstitial substance. The inter- 


38. Maximow, A. A., and Bloom, W.: A Textbook of Histology, Philadelphia, W. B. 
Saunders Company, 1938. 











EXPLANATION OF FIGURE 6 


A, specimen of rib necrocartilage placed in Bouin’s solution for fixation. Section reveals 
a well preserved cartilage. The nuclei are well preserved for the most part. In a few places 
the cells are vacuolated. The matrix immediately around the cells is deeply blue stained but 
elsewhere it is pink. x 183. 

B, rib necrocartilage implanted in the anterior abdominal wall for seven days. Two sec- 
tions reveal fairly well preserved cartilage. At the periphery the tissue is diffusely pink 
stained and there is moderate dissolution of the cartilage cells. Toward the center the cells 
are large and deeply blue stained. In some places they are vacuolated. The nuclei are 
prominent. The matrix shows the usual light and dark blue coloration. x 183. 


C, rib necrocartilage implanted in the anterior abdominal wall for forty-four days. Sec- 
tion shows well preserved cartilage cells. In some places the cells are moderately vacuolated 
but in other places they are well preserved. The nuclei are distinct. The matrix is 
diffusely blue stained toward the center and at the periphery pink stained. At the periphery 
there is dissolution of the nuclei and cells. x 183. 


D, specimen of rib necrocartilage refrigerated in merthiolate-saline solution for forty-four 
days. The cartilage is fairly well preserved. At the periphery the tissue is diffusely pink 
stained. There is loss of cytologic detail here. Toward the center the cells are better 
reserved. The matrix presents the usual histologic appearance. X 183. 
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stitial substance of the scar tissue becomes homogenous and produces new inter- 
stitial substance, similar to that occurring in the embryonic development oi 
cartilaginous tissue, and thus cartilage is formed by metaplasia of the loose con- 
nective tissue. 


There are many aspects of the physiology of transplanted cartilage that we do 
not understand. When hyaline cartilage is taken from a rib or elastic cartilage 
from an ear and then transplanted in the same subject to some other site in the 
body, does it continue to live and obtain tissue fluid as we understand the life of 
normal cartilage, or is it a foreign body with a specific affinity to that individual 
because it is autogenous? Does live homogenous cartilage (transferred immediately 
from one subject to another) act differently physiologically than autogenous carti- 

















Fig. 7.—A, autogenous rib cartilage implanted in the anterior abdominal wall for two 
hundred and seventy days. Surrounding two pieces of cartilage can be seen abundant scar 
tissue. One piece of cartilage shows almost complete loss of the nuclear structure with 
diffuse pink coloring of the matrix. The other piece shows fairly well preserved cartilage 
toward the center with the usual nuclear and cellular structures. At the periphery there is 
dissolution of the architecture to some extent and dissolution of many of the cells. In the 
surrounding scar tissue can be seen a small piece of metaplastic bone. x 183. 

B, autogenous rib cartilage implanted intranasally for two hundred and seventy days. 
Section shows an irregular piece of cartilage. Toward the center the cells are fairly well pre 
served. The matrix and cells present the usual appearance. At the periphery there is mod- 


erate dissolution of the cells and the matrix is diffusely pink stained. The cartilage is 
surrounded by considerable scar tissue.  X 183. 


lage? It has been the method for many years to hoard an excess of autogenous 
cartilage in a pocket of the abdominal wall. Does such cartilage continue to live 
in its new site or is it only a foreign body tolerated by the host? 
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EVALUATION OF EXPERIMENTAL RESULTS 


All of the microscopic sections and pathologic diagnoses were made by Dr. 
Reuben Straus, pathologist to the Cedars of Lebanon Hospital. The photomicrog- 
raphy was carried on under his direction and supervision by Mr. Donald Wald 
of the photographic department of the hospital. 

In the first experiment (fig. 2.4 and B) ear necrocartilage was used (the donor 
had been dead for forty-eight hours and in refrigeration). The cartilage was 
preserved in solution of formaldehyde for four days, washed, then transferred to 
merthiolate-saline solution (1:4) for eighteen days. One piece was then placed 
in a pocket in the anterior abdominal wall of a patient; another continued on 
in the merthiolate-saline solution and refrigerated. After ninety-six days both 




















; Fig. 8.—A, autogenous rib cartilage specimen implanted in the anterior abdominal wall 
lor fourteen years. Section shows moderate fibrosis of the surrounding tissue. The car- 
tilage presents a striking alteration from the normal. There are irregular areas of degen- 
eration characterized by loss of nuclear and cellular structures and a diffuse pink cast to 
the matrix. There is an occasional small area of calcification, and in one area a small bit 
of bone metaplasia can be seen. In a few areas the tissue appears fairly well preserved and 
resembles fairly fresh cartilage. Here some of the cells are moderately vacuolated while 
in other places the cellular outlines and nuclear outlines can be seen. At the periphery of 
this section the cartilage is irregular. There is dissolution of the tissue and ingrowth of 
areolar tissue separating blood vessels. x 183. 


B, autogenous rib cartilage, same as 4. 0.833. 


pieces were gathered for pathologic study. That retained in the solution appeared 
vetter preserved microscopically. Grossly the cartilage taken from the abdominal 
wall had not decreased in size, even though much of it had been replaced by fibrous 
tissue. The ear necrocartilage from which these pieces were taken was used to 
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replace a partially absent ear. The former has now been implanted for fourteen 
months and clinically appears in excellent condition. 

In the second experiment (fig. 4 through 6C) ear necrocartilage was com- 
pared with fresh ear cartilage and rib necrocartilage. A piece of cartilage was 
excised from the patient’s opposite ear and employed as a control. A section of 





Fig. 9.—A, ear necrocartilage as seen from its anterior surface, indicating the intricate 
whorls and bizarre shape. Note especially on the outer inferior aspect that the cartilage 
spreads into a peninsula-like projection. 


B, ear necrocartilage from its posterior surface with the perichondrium removed. The 
cartilage is placed in solution of formaldehyde and then refrigerated in merthiolate-saline 
solution until required. The body of the cartilage is then sieved with a dozen small holes 
so that the granulatiof tissue may rivet it into position when placed in the pocket. 

C, ear necrocartilage being entered into its marsupial pouch at the operating table. The 
incision is approximated with silk and the skin gently teased into the interstices of the 
ear cartilage with the aid of alcohol-saturated cotton and small pieces of marine sponge. 
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each was placed in a pocket in the anterior abdominal wall of the patient and 
another kept in merthiolate-saline solution. Part was removed at the end of 
seven days, the remainder at the end of forty-four days and microscopic sections 
studied. The cartilage retained in the merthiolate-saline solution for comparison 
appeared in much better condition than that in the abdominal pockets. Grossly 
the cartilage removed from the abdominal pocket had not been reduced in size, 
even though it had been invaded by fibrous elements. At the time this experiment 





Fig. 10.—A, this patient had lost the whole upper portion of the ear, while retaining 
the lobule and a small amount of the concha. A plaster cast and photographs were made 
both of the good ear and of the affected one, so as to gage the size and contour of the 
reconstructed member. 


B, though it may be impossible to create an exact replica of the opposite ear, it is most 
important to construct one of a similar size and shape. Presurgical planning of all stages 
in the procedure is paramount. 

C, two weeks after ear necrocartilage has been placed in a pocket created in the mastoid 
irea. A clavicular tube pedicle is now being brought up to be grafted on the posterior 
surface of the reconstructed ear and to form the contour of the helix as required. 


was begun the opposite ear of the dead person from which this necrocartilage was 
taken was implanted in the patient to reconstruct a totally absent ear. This ear 
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necrocartilage (fig. 10) has at the time of writing been in place for one hundred 
and twenty-four days and clinically appears well preserved. 

In the third experiment autogenous rib cartilage was placed in the nose of a 
patient and a portion from the same rib was also inserted in a pocket in the anterior 
abdominal wall. At the end of two hundred and seventy days microscopic sections 
were made of each, and a study of both slides revealed little difference. It has 
been the contention of many that cartilage transplanted to the nose is in a totally 
different medium than that placed beneath the abdominal wall. Their logic was 
reasonable because of the presence of bacterial flora in the nose. However, 
our experiments (fig. 7A and B) indicate that transplanted cartilage does not act 
differently in either area. 


It was our good fortune to gain a piece of autogenous rib cartilage that had been 
placed beneath the abdominal wall of a patient about fourteen years ago by the 
late Dr. Howard L. Updegraff (fig. 8). Grossly the cartilage was well fixed by 
surrounding fibrous tissue, was firm and apparently had retained its identity. It 
is interesting that bone metaplasia had occurred in several areas, as it often does 
in normal cartilage in its own habitat. 


RECONSTRUCTIVE SURGERY OF THE PARTIALLY ABSENT EAR 


Partial absence of an ear, depending on the location of the missing part, suggests 
several methods of reconstruction. Should the defect be of the helix a small delayed 
flap, borrowed from the mastoid tip, with its base at the margin of the defect may 
be folded on itself. The resultant raw surface on the mastoid area may then 
be covered with a thick split skin graft. 

Reconstruction of the ear lobule may be carried out with a rectangular delayed 
flap from the neck, raised to the ear in one stage, then later severed from its base, 
leaving it sufficiently long so that it may be folded on the posterior aspect. The 
resulting defect on the neck may be undermined and sutured in a straight line. 
Dependent on the amount of tissue absent, a Gavello flap may be utilized for recon- 
struction of the lobule. 

When the tragus is absent a delayed flap from the face, with its base posterior. 
is turned on itself, and the resultant raw surface grafted. Other small defects of 
the auricle may be reconstructed by utilizing flaps from the mastoid area. Wherever 
framework is necessary, struts of preserved or necrocartilage may be used. 

On occasion odd cases are reported in the literature concerning the resuturing 
of a totally or partially absent ear that has been severed and dropped to the ground. 
Obviously this is an impossibility. Also, ears or portions of ears cannot be taken 
from one person and transferred to another. However, in any case in which the 
ear or part of it has been severed from the head, the cartilage, after having been 
dissected from its tissues, may be kept in merthiolate-saline solution and refrigerated 
for future use. 


Prosthesis —Various methods of making artificial ears have been devised. 
sulbulian*® has studied the problem extensively, using Latex. Of late, plastic 
materials have been utilized. Though the Latex is soft and pliable, its consistency 
is such that it does not offer a blending surface with the skin. On the other hand, 
plastic materials are soluble in alcohol with a blending surface, tend to shrink and 
thus far have not been developed as a permanent prosthesis. 


39. Bulbulian, A. H.: Prosthetic Reconstruction of Nose and Ear with Latex Compound, 
J. A. M. A. 116:1504-1506 (April 5) 1941. 
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LAMONT—RECONSTRUCTION OF ABSENT EAR 


The prosthetic ear has a definite place as a temporary procedure. However, as 
a rule, the patient would rather have a surgically constructed one, even though it 
is not perfect, as long as it is made of tissue and the tissue is attached to his body. 


SURGICAL METHOD OF RECONSTRUCTING THE TOTALLY ABSENT EAR 


Preoperative Study—Careful photographic studies are made of the patient’s head, which 
include the good ear and the affected one for comparison. Though it may be impossible to 
reproduce a replica of the good ear, the surgeon must attempt to obtain one of the same 
size and contour. Often it is necessary to place the unaffected ear closer to the head by 
removing the required ellipse of cartilage, so that it will not be too prominent in contrast 
with the reconstructed ear. 

A plaster cast is made of both ears; they are studied and compared. The model of the 
affected ear is then built up with clay, so as to gage the ear necrocartilage required. 


Surgical Procedure—First Stage: A curved incision about 1% inches (3.8 cm.) long 
is made on the posterior aspect of the mastoid area. The blade is carried through to 
just above the superficial fascia. Through the elliptic incision the skin is carefully under- 
mined and a pocket created that will house the future ear cartilage. The flap is made as 
thin as possible and yet thick enough to carry circulation for its latent chore. Thinness is 
desired so that the flap may drape itself well into the convolutions peculiar to the ear car- 
tilage, in this case ear necrocartilage. Bleeding is controlled, the flap is allowed to return 
to its bed, and the incision sutured. 

In two or three weeks the flap is again raised. This may be repeated a third time if 
necessary, in order to obtain as thin a flap as possible, so that the skin may envelop itself 
into the interstices of the whorls of the ear necrocartilage. 

Second Stage: The ear necrocartilage has been previously prepared by meticulously 
removing the tissue and perichondrium. A dozen small holes have been made in the body 
of the cartilage, to allow the granulation tissue to rivet through and hold it in place when 
implanted. 

The thin delayed flap over the mastoid area is raised again, bleeding carefully controlled 
and the ear necrocartilage placed in its previously prepared marsupial pocket. Cotton satur- 
ated with alcohol and small pieces of marine sponge are used to tuck the skin into the 
convolutions of cartilage. Sulfanilamide crystals are thinly spread into the pocket, both to 
avoid infection and possibly to help create fibrosis. 

A clavicular tube pedicle is started at this time. Its dimensions are such that it may be 
waltzed up the neck to the ear area. It is made some 4% inches (11.43 cm.) long and 
1% inches (3.18 cm.) wide. We avoid neck tubes when possible so that no disfiguring 
scars remain. The tube pedicle is severed from its anterior connection in three or four 
weeks and waltzed to a trap door on the neck. In another three or four weeks it is brought 
to the base of the ear; in another month to a position of a new helix. The time required 
in these cases may be shortened by moving the tube pedicle more quickly, as pointed out 
by Douglas and Buchholz.*°® 

Third Stage: An incision is now made one-fourth inch (0.64 cm.) above the necrocar- 
tilage at its periphery and carried from the anterior-superior aspect of the ear some 3 inches 
(7.62 cm.) around posteriorly down to the fascia. 

The tube pedicle is opened and allowed to inhabit itself within the incision. Laterally, 
slightly away from the head, the tube is fashioned to simulate a helix, while behind the ear 
necrocartilage now serves as a thick covering. 

We discarded the use of an Esser outlay to reconstruct the posterior aspect of the ear, 
as it is often disfiguring and frequently allows the ear to collapse. We have not found it 
necessary to cast the ear so far away from the head but prefer to bring the opposite ear 
closer, making the two conform. 

SUMMARY 


When necrocartilage, homogenous or autogenous cartilage is implanted in the 
human being, it is probably a foreign body, but the host makes no effort to expel it. 
Necrocartilage has been refrigerated in merthiolate-saline solution for several 


; 40. Douglas, B., and Buchholz, R. R.: The Blood Circulation in Pedicle Flaps, Ann. 
Surg. 117:692-709 (May) 1943. 
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months and then implanted in various parts of the body. Healing has been rapid, 
with virtually no local reaction. 

Our experiments reveal that not only is necrocartilage invaded by fibrous tissue, 
but often, too, autogenous cartilage. In the cases in which the specimens of necro- 
cartilage in the abdominal wall were invaded by fibrous tissue, cartilage from the 
same specimen used for ear framework maintained its strength and identity, so that 
even though one may conclude that it, too, had been invaded with fibrous tissue, 
clinically it was serving its purpose. 

Concurrently we have been carrying on similar experiments with rib necro- 
cartilage and implanting the specimens in bodily structures other than ears, i. e., 
the nose, the forehead, the jaw, the eye socket, etc., and we shall report these studies 
when the experimental work is completed. 


My assistant, M. Suzanne Postelle, R.N. (Mayo Clinic), helped to gain the cooperation of 
the patients, making this work possible; and my secretary, Mary King, R.N. ( Univ. of Indiana), 
assisted me by doing editorial proof reading. 
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KIDNEY 

Anomaly.—Hanley ' reports a case of horseshoe kidney and a supernumerary 
kidney and a case of a triple kidney with a horseshoe component. 

He states that a supernumerary kidney is a distinct rarity in itself. Of the 
numerous cases reported as examples of this condition, many are merely instances 
of double or fused kidneys, while others are insufficiently described for accurate 
classification. Only 43 authentic cases of supernumerary kidney are found in 
the literature. In the majority of the reported cases the extra kidney was below the 
normal one, usually on the left side, and more often than not rudimentary. The 
ureter may join its fellow or end extravesically, while the termination in many 
cases is unstated. A normal separate ureter is apparently rare. 

In Hanley’s case the supernumerary kidney was above its fellow and was not 
rudimentary, and its ureter was complete throughout its length, opening into 
the bladder by a separate orifice. The chief interest, however, lies in its asso- 
ciation with a horseshoe kidney—a combination previously unrecorded. 

In the first case the patient was a man aged 30 years who had repeated 
attacks of pain in his right loin. Cystoscopy and roentgenologic examination 
showed that the lower group of calices of the right kidney were medial to the 
ureteral line, indicating a horseshoe kidney. On the left side, the lower pole oi 
the horseshoe kidney was small. Above this, reached through a second ureter, 
was a comparatively normal-sized kidney. At operation, the right kidney was 
found to be slightly enlarged, the lower pole sloping across and forming the isthmus 
of the kidney. The left side was palpated, and it was found that the left half of the 
horseshoe kidney was smaller than the right and somewhat lower. Above this 
was a mass which was construed to be the third kidney. This was lying in contact 


*The opinions and assertions contained herein are the private ones of the various writers 
and are not to be construed as official or reflecting the views of the Navy Department or the 
naval service at large. 

1. Hanley, H. G.: A Horseshoe and a Supernumerary Kidney: A Triple Kidney with 
‘ Horseshoe Component, Brit. J. Surg. 30:165-168 (Oct.) 1942. 
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with the horseshoe kidney but was freely movable and not connected to the left 
half of the horseshoe kidney. 

The second case was that of a male child aged 3 days, who died. At necropsy 
the child was found to have a complete transposition of viscera. A horseshoe kidney 
was found with three pelves and three complete ureters opening into the bladder 
separately. 

Goldstein and Abeshouse? present 8 cases of horseshoe kidney. Six of the 
patients had definite renal disease and symptoms of some nature, and 2 were with- 
out renal disease or symptoms. Heminephrectomy was performed on 2 of the 4 
patients who were operated on. All the operations were extraperitoneal. no 
the 4 cases observed at operation thick parenchymal tissue formed the isthmus at 
the lower poles, and the renal artery came from the abdominal aorta. No 
immediate or late deaths resulted from the surgical treatment. If horseshoe 
kidneys are exposed because of renal disease, hemisection should be performed 
after the pathologic process has been corrected. Horseshoe kidneys that have 
small calculi in the calices should be heminephrectomized. Horseshoe kidneys 
causing pain or other symptoms without renal disease should be sectioned. 


Anomalous Vessels—Shupe®* states that in numerous cases aberrant renal 
vessels have been divided for hydronephrosis with good results and with no 
necessity for any further operation. In occasional cases, however, there will be 
an infarct of such a size that nephrectomy will become necessary. Shupe reports 
a case in which a large aberrant renal vessel the size of a slate pencil was divided 
without causing a renal infarct. 

The patient was a girl aged 16 years who had a mass in the upper left quadrant 
of the abdomen. Cystoscopic examination and bilateral pyelograms revealed a 
large hydronephrosis of the left side with obstruction at the ureteropelvic junction. 
At operation, an artery the size of a slate pencil was found coming from the aorta 
and entering the lower pole of the kidney. The aberrant vessel was in direct 
contact with the ureter close to the ureteropelvic junction and acted as a sling over 
which part of the extrarenal pelvis was dependent. At operation the aberrant 
vessel was divided and ligated, and the scar tissue surrounding the ureteropelvic 
junction was freed by sharp dissection. The ureter then straightened out, and 
the pelvis began to empty. A blanching of the posterior surface of the lower 
pole of the kidney was noted. This blanching took in a third of the surface of 
the kidney. Neither the pelvis nor the kidney was incised. 

The patient was free from pain and tumor for fourteen days, at which time the 
pain and swelling reappeared, together with an elevation of temperature. Nephrec- 
tomy on the left was advised and performed. At the operation there was no sign of 
any difference in color or structure of the lower or upper pole. One part of the 
kidney seemed just as vascular as another. A large hydronephrosis was present, 
and the ureter and renal pelvis were bound down by a mass of adhesions. These 
were carefully dissected free from the pedicle, and the kidney was removed. 

The patient had an uneventful convalescence following nephrectomy and left the 
hospital on the thirteenth day. 

Young * discusses Shupe’s paper on the division of aberrant blood vessels to 
the kidney. The demonstration that they can be divided without the production of 


2. Goldstein, A. E., and Abeshouse, B. S.: Surgical Treatment of Diseases of Horseshoe 
Kidneys, J. Urol. 49:42-54 (Jan.) 1943. 

3. Shupe, T.: Division of Aberrant Blood Vessel to the Kidney Without the Production 
of an Infarct, Tr. Am. A. Genito-Urin. Surgeons 35:15-19, 1942. 

4. Young, H. H., in discussion on papers of Jeck and Orkin,® Shupe,? Howze and 
McKenna, Kiefer and Bronstein, Tr. Am. A. Genito-Urin. Surgeons 35:59-60, 1942. 
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infarct is important. Young employs an anterior abdominal incision in these 
cases. The incision begins at the outer side of the rectus muscle, about 1 inch 
2.5 cm.) above the pubes, and is directed obliquely upward and outward to the 
cartilage of the tenth rib. The incision, in fact, passes over the cartilage, so as 
to make a longer cutaneous incision and allow wider retraction. The fasciae and 
muscles are divided, and then the peritoneum is stripped back until the ureter is 
exposed at a point several inches below the kidney. Following the ureter upward 
and continuing the separation of the peritoneum, the ureteropelvic juncture is 
exposed as it lies in its natural position and then the pelvis above it. This affords 
an excellent opportunity to study the pathologic changes in situ before they have 
been disturbed by freeing the kidney and drawing it far out, as must occur when 
the usual lateral oblique renal incision is employed. 

In 1 patient of whom Young showed motion pictures, a thick vascular cord 
was found passing across the ureteropelvic juncture to the lower pole of the kidney. 
Associated with it were pronounced adhesions, which were divided. Above the 
vascular cord, the ureter was much kinked, and it entered the pelvis beneath the 
vascular cord. Although the adhesions were freed, the considerably dilated pelvis 
did not empty itself until the vascular cord had been elevated, triply clamped and 
divided. Immediately after this, the ureter straightened out and peristalsis began. 

The motion picture beautifully demonstrated successive peristaltic waves which 
started in the pelvis as it gradually emptied and passed down the ureteropelvic 
junction and along the ureter. These were so active that the ureter actually was 
seen to move and twist, almost like an earthworm. Investigation showed that no 
stricture of the ureter was present, only a thinning of the wall at the point where 
it was compressed by the vascular cord. After division of the cord, a small area of 
the lower pole of the kidney turned bluish black. The rest of the kidney appeared 
normal. 

In cases such as this, it is not necessary to isolate the lateral, upper and 
posterior surfaces of the kidney at all. At the ureteropelvic juncture any pathologic 
conditions which may be discovered can be attacked, often at once, without disturb- 
ing the kidney in its bed or isolating the vessels of the pedicle. In cases in which 
the obstruction is due to aberrant vessels, one almost always finds that they pass in 
front of the ureter. This is another argument for the anterior incision, which is 
also applicable in cases of kinks or strictures and is particularly appropriate when 
the Y-V plastic operation is carried out. If it is desirable to perform nephropexy, 
no difficulty is experienced in isolating the kidney and carrying out an appropriate 
technic through this same incision. When it is desirable to expose the ureter 
well down toward its lower end, the anterior incision has much to recommend 
it, inasmuch as one can easily follow the ureter down to its juncture with the bladder 
and perform complete nephroureterectomy through one incision. The anterior 
incision is also of great advantage when in dealing with wounds and other types 
of traumatism it is desirable to explore the peritoneal cavity and perhaps operate 
on other viscera, as is often the case in war surgery. 

When this technic is employed, Young provides drainage through a stab wound 
over the crest of the ilium. This gives direct retroperitoneal external dependent 
drainage, which is always desirable for a few days. If one wishes to drain the 
lower end of the ureter, another Penrose drain or tube may be brought out through 
the lower angle of the oblique abdominal incision. 


Tumor——Grauhan and Hellriegel*® state that the infiltration of renal tumors 
through the anatomic capsule is fairly common but that a complete bursting of 


5. Grauhan and Hellriegel: Berstende Nierentumoren, Ztschr. f. Urol. 35:409-417, 1941. 
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the growth is rare. This extraordinary complication has, clinically and anatomically, 
an acute explosive character and causes complete destruction of the tumor. 

They report 2 cases of this type. At the onset there are signs of acute abdominal 
disease with heavy pains in the renal region and in the hypogastrium. In some 
cases conditions suggest extensive abdominal hemorrhage, and it may be impossible 
to make the diagnosis except by laparotomy. Early nephrectomy is the only 
satisfactory treatment. At the operation there is usually extensive hemorrhage in 
the perirenal tissue, starting from a wide crater in the malignant region in the 
kidney. Pieces of tumor tissue of various sizes are usually found scattered in all 
directions by the vigorous blood stream. In both reported cases the tumor was an 
angioliposarcoma, a combined neoplasm of connective tissue character. Epithelial 
constituents were usually not found. Unlike malignant sarcomas of the kidney, 
these angioliposarcomas are rather benign. In some reported cases, no recurrence 
had been found seven years after operation. The authors suggest a relation of this 
condition with tuberous sclerosis of the cerebrum, a disease in which a similar 
type of combined renal tumor is found in a large percentage of cases. 

Hale and Burkland © state that renal tumors usually produce symptoms which 
may be misinterpreted because they are not directly referable to the genitourinary 
system. Urinary findings may be scant or completely absent. A normal urine 
does not rule out the presence of renal tumor. The classic triad—palpable tumor, 
hematuria and pain—is a late manifestation and is of no value in the early diagnosis 
of renal malignant lesions. Distant and multiple metastatic growths are frequent. 
These may give rise to symptoms before the primary growth. Hematuria is the 
most important and frequent symptom of renal tumor. Among elderly male 
patients the presence of gross hematuria involves a differential diagnosis between 
renal neoplasm and benign prostatic hypertrophy. In the diagnosis of renal 
neoplasm, one must consider all the facts contributing to the diagnosis and not 
place too much reliance on such isolated findings as are revealed by pyelography. 

Bugbee* discusses adenoma of the kidney with associated lesions, reporting 
3 cases. He states that adenoma of the kidney is usually small and may be single or 
multiple; it may be grayish or yellow and appears in the cortex just beneath the 
capsule, as in the first 2 cases here reported. Large adenomas are exceedingly 
rare. Adenomas of the kidney are essentially benign, but the dividing line between 
normal epithelium and adenoma, or between adenoma and carcinoma, may often 
be difficult to define. The small, often multiple, adenomas are sharply demarcated 
and consist of a mass of small tubules packed closely together, showing no 
glomeruli. A part or all of the cells may be arranged in groups which have no 
lumens, or the ducts may be dilated and show epithelial hyperplasia or papillary 
projections. In another type designated as alveolar, the pattern may simulate 
adrenal rests, a fact which has given rise to much discussion as to its pathogenesis. 
In this type the cells are cuboidal or cylindric. They may be granular and free 
of fat, or they may contain a large amount of fat. 

The first case was of a man aged 43 years who gave a history of pain in the left 
flank twenty years before. Nephrectomy was done on the left side. The kidney 
was three times normal size; there was a sharp kink in the ureter at the uretero- 
pelvic junction, and a large anomalous vessel passed to the upper pole. Pathologic 
examination revealed hydronephrosis and adenoma of the kidney. 


6. Hale, N. G., and Burkland, C. E.: Unrecognized Renal Tumors: A Study of Fifty- 
Four Cases in 6,577 Autopsies, and Personal Cases, J. Urol. 49:426-431 (March) 1943. 

7. Bugbee, H. G.: Adenoma of the Kidney with Associated Lesions: Report of Three 
Cases, Tr. Am. A. Genito-Urin. Surgeons 35:97-108, 1942. 





cally, 


ninal 
some 
sible 
only 
ye in 
1 the 
n all 
iS an 
1elial 
Iney, 
ence 
this 
nilar 


rhich 
mary 
irine 
mor, 
nosis 
uent. 
; the 
male 
ween 
renal 
| not 
iphy. 
rting 
le or 
1 the 
ingly 
ween 
often 
cated 
y no 
e no 
llary 
ulate 
esis. 
free 


> left 
dney 
tero- 
logic 


Fifty- 
Three 


SCHOLL ET AL—REVIEW OF UROLOGIC SURGERY 77 


The second case was a woman aged 57 years who complained of intermittent 
attacks of hematuria of several hours’ duration, which were so severe that she was 
left exhausted. Cystoscopic and roentgenologic examinations showed the right 
kidney to have deficient function; the urine from this kidney contained blood and 
pus cells and roentgenograms showed the presence of two renal calculi; the findings 
for the left kidney were normal. The right kidney was removed and found to be 
largely destroyed and pyonephrotic. In the upper part of the wall of the pyo- 
nephrotic sac there was a yellowish tumor 3.5 cm. in diameter and 2.5 cm. in 
thickness. The histologic structure was that of an adenoma. 

In the third case, a man aged 54 years complained of a constant aching pain 
in the right costovertebral angle which had been present for three weeks and of 
occasional backache for several years. Cystoscopic investigation revealed a function- 
less right kidney and a normal left kidney. The right kidney was removed and 
found to be twice normal size. It contained a mass about 4 cm. in diameter. The 
diagnosis was papillary adenoma of the right kidney with tuberculous abscess of 
the lower pole. 

Bugbee concludes that it seems probable that adenomas of the kidney occur 
most frequently late in life, in kidneys which are the seat of vascular disease, a 
circumstance which suggests that adenomas are the result of proliferative reaction 
on the part of the tubules which have been cut off from the primary blood supply, 
as in hydronephrotic sac, pyonephrosis or infection, such as tuberculosis. Small 
adenomas will seldom give rise to symptoms but should be borne in mind as a 
possibility when one is dealing with any case of hydronephrosis or renal cyst. 

Cysts.—Fister * gives four convenient classifications of renal cysts: simple 
solitary serous, hemorrhagic, small multiple and multiple, including multilocular. 
Simple serous cysts may be congenital or acquired, and the mechanism of production 
is probably the same. They may be present at any age and are perhaps more 
frequent in the male than in the female sex. The origin is most commonly 
parenchymal, the location is usually unilateral, and the lower pole is more frequently 
involved than the upper. Localizing symptoms may be absent, or there may be 
severe renal colic. Diagnosis is chiefly dependent on roentgen findings, although 
it is not always possible to make a preoperative differential diagnosis. Good 
pyelography and intravenous urograms are the best diagnostic aids. In the absence 
of associated renal disease, and if the cyst is not too large, excision is the method 
of choice. Nephrectomy is indicated when concomitant renal lesions exist. 

Rathbun * discusses polycystic disease of the kidneys. A study of a group of 
cases of this condition has led him to believe that the prognosis as to longevity is 
perhaps a bit better than is commonly supposed, that a fair proportion of the patients 
present symptoms of interest to the urologist and that a few may be subjected to 
operation with a reasonable expectation of improvement and prolongation of life. 
He believes that there are two fairly distinct types of this disease. One is noted 
in newborn infants, while the other, the type most commonly discussed, develops 
in middle or late adult life. Occasionally it is reported as present in the newborn 
and more frequently as occurring in persons in the fifth and sixth decades, but it is 
practically never noted in persons in their teens and seldom in young adults. 
While, of course, it is quite possible that these two types may represent different 
degrees of the same condition, the gross appearances and the histologic pictures plus 


8. Fister, G. M.: Simple Serous Cysts of the Kidney, J. Urol. 49:408-414 (March) 1943. 
9. Rathbun, N. P.: Random Thoughts on Polycystic Disease of the Kidneys, Tr. Am. 
\. Genito-Urin. Surgeons 35:131-145, 1942. 
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the age incidence suggest that they may well have different embryologic back- 
grounds. 

Rathbun’s paper is based on a study of 16 cases observed over a period of fifteen 
years, plus 1 case observed previously and included because of its particular 
interest. Of these 17 cases, 8 were recognized clinically but did not come to 
necropsy ; 9 were found at necropsy, and in some of these the diagnosis had been 
assumed but had not been definitely determined. The age incidence of the entire 
series was as follows: Seven patients were infants, either stillborn or in the neo- 
natal period. The youngest adult was aged 20 years. Another patient was aged 
38 years. The remaining 8 were in their fourth, fifth and sixth decades, the oldest 
being aged 69 years. The average age of the adults was 51.7 years. 

In 5 of the 9 cases in which necropsy was performed, other congenital anomalies 
were noted. They included congenital cystic liver, absence of the left kidney and 
the left testicle and congenital deformity of the anal orifice. In 14 of the cases 
polycystic kidneys were proved to be bilateral. In 1 case of unilateral polycystic 
kidney there was absence of the remaining kidney, while in another the presence 
of polycystic disease in the contralateral kidney was suspected but not proved. In 
still another case polycystic kidney was noted in one half of a horseshoe kidney, 
the other half being perfectly normal. Two pairs of sisters were noted among the 
infants, 1 pair occurring in consecutive pregnancies. 

With one exception the pathologic picture in the postmortem specimens for the 
newborn infants was typical. The kidney or kidneys were enormously enlarged, 
almost filling the abdomen. On microscopic examination the kidneys were found 
to consist almost entirely of interstitial fibrous tissue with only an occasional tubule 
and glomerulus, and all of those were grossly deformed. 

Of the 10 adults studied clinically, 4 were constantly hypertensive, 3 were inter- 
mittently hypertensive and 1 had normal blood pressure. Two were definitely 
hypotensive. It is generally understood that hypertension is part of this disease. 
Of the 8 patients in the adult group whose disease was recognized clinically, 5 were 
subjected to Rovsing operations. In 3 of the 8 clinical cases there were no urologic 
operations. One adult was alive and in fair health seven years after the diagnosis 
of bilateral polycystic disease was made. Another adult lived for one year and died 
from renal insufficiency. In a third adult the polycystic kidneys were recognized 
during an exploratory laparotomy. At the time no operative treatment was carried 
out because the patient’s condition was considered critical. The patient died three 
months after laparotomy. 

Herman,’® in discussing Rathbun’s paper on polycystic disease of the kidney, 
states that during the last year he has had 3 cases in which the condition was not 
recognized until operation, which rather changed his opinion that diagnosing poly- 
cystic disease was a fairly simple matter. Two of the patients were Negroes, one 
an old woman and the other a man aged about 35. Both of them had large tender 
masses on one side; pyelograms of the other side showed a normal condition. Her- 
man thought the cases were clearcut instances of pyonephrosis, but exploration 
showed polycystic kidney. The disease is bilateral undoubtedly, but in these cases 
on the apparently uninvolved side the defect had not progressed to a point at 
which it was demonstrable. The third patient was a woman aged 65 years 
who had come for examination two years before the time of the report, suffering 
from hematuria. Herman discovered that she had a large congenital single kidney. 
There was no ureter on the opposite side, and the trigone here was undeveloped. 


10. Herman, L., in discussion on papers of Hoch, Rathbun,® Smith and Strasberg,®° Hame' 
and Mertz #4 and Ormond, Wadsworth and Morley, Tr. Am. A. Genito-Urin. Surgeons 35: 185 
184, 1942. 
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A secretory urogram was made which showed a defect suggesting a neoplasm. The 
patient went home, and Herman had forgotten all about her when more than two 
years later her physician called up and said she had had a sudden severe pain in 
the right loin three days before, which was followed by hematuria and anuria. She 
was semicomatose when brought to the hospital. Her ureter was catheterized ; 
some heavily concentrated retained urine was drained off, and her renal function 
was slowly restored. After about two weeks of catheter drainage, her concentra- 
tion of urea came down from 70 mg. per hundred cubic centimeters of blood to 
normal; then Herman did a retrograde pyelogram. Her kidney was displaced 
outward and was rotated so that the medial border was pointing forward partially. 
The stereoscopic study showed the ureter projected forward, and the deformity 
did not suggest polycystic disease. It had the usual features of back pressure. 

Surgical exploration then was performed. A cyst about as big as a walnut was 
found on the convex border slightly anteriorly, together with four or five smaller 
cysts, and at the lower pole of the kidney there was a cyst about the size of a large 
orange. A sudden hemorrhage had occurred into this, pushing the ureter forward 
and kinking it; this was the obvious cause of her difficulty. Herman opened 
the cyst and, fearing he might precipitate a hemorrhage, removed only part of 
the blood clot and put a drain in. The patient had an uneventful recovery. She 
was entirely well at the time of discussion. 


Rupture Ferrier and Knigge ** review 137 cases of ruptured kidney. There 
were 37 deaths, or a mortality rate of 27 per cent. Six of these occurred in 
patients who had received stab or gunshot wounds through the kidney, although 
the cause of death was peritonitis due to associated intra-abdominal injury. The 
other 31 deaths were in the group of patients who had suffered associated multiple 
visceral or skeletal injuries, of which the renal trauma was only a minor part. The 
pathologist gave importance to renal hemorrhage in only 5 of these cases. If one 
considers merely these 5 cases in which renal hemorrhage was mentioned by the 
pathologist as a cause of death and excludes the rest of the 31, it leaves 5 deaths 
in a total of 111 cases, a mortality rate of 4.5 per cent. Even in these 5 there 
were other grave injuries at least as important as the renal injury. 

There were 24 cases of moderate trauma; in these all the patients recovered 
without surgical intervention. 

In 69 cases of extensive rupture of the kidney, many with extravasation, all the 
patients recovered. Twelve received surgical treatment. 

There were 13 cases of stab and gunshot wounds of the kidney with 6 deaths 
due to intra-abdominal involvement. No attempt at repair of the kidney had been 
made in the cases in which recovery occurred. 

Of 31 cases of severe general injuries, injury of the kidney was named as 
the cause of death in only 5. Because of associated grave injuries, it is doubtful 
if surgical treatment directed to the kidney would have done other than hasten 
death. 


Foreign Body.—Boeminghaus ** reports the case of a man who had a foreign 
body in the renal pelvis. Ten years before, the patient swallowed some pieces of 
metal. A few of them were eliminated by the intestinal tract, and a few were 
removed by laparotomy. Three years later he had a perinephric abscess on the 
right side, and six years after this there was chronic purulent unilateral pyelo- 
nephritis on that side. Roentgen examination showed a large triangular stone in 
the right pelvis in which were embedded two metallic foreign bodies. Nephrectomy 


ll. Ferrier, P. A., and Knigge, W.: Ruptured Kidney, J. Urol. 49:457-459 (March) 1943. 
12. Boeminghaus, H.: Fremdkérper in Nierenbecken, Ztschr. f. Urol. 36:86-89, 1942. 





80 ARCHIVES OF SURGERY 


was carried out but was extremely difficult because of extensive adhesions. The 
pathologicoanatomic examination revealed that the metallic body had passed through 
the wall of the duodenum into the peritoneal region and had caused the perinephric 
abscess. The metallic body then passed into the right kidney at its upper pole. 


migrating to the pelvis, after which the renal stone was built around the body, 
which formed the nucleus. 


Stone.—Egger ** discusses the problem of recurrence of stone. He states that 
it is difficult to influence the different chemicophysical factors of the urine, such as 
colloidal production and surface tension. The danger of recurrence is four times 
greater in cases of operative removal of the stone than in cases in which it has 
been eliminated by conservative measures through the natural passages. Egger 
believes that the deciding biologic factors of recurrence occur in the first few days 
after operation. This is due to diminished output of urine caused by diminished 
arterial circulation, which in turn is the result of frequent subcapsular hemorrhages 
and postoperative edema of the parenchyma. Diminution of the urinary output 
gives a high specific gravity of the urine which disposes to fresh crystallization of 
renal concretions. Egger suggests decapsulation and denervation to counteract 
these factors. 

Egger reports 3 cases of operative removal of renal stones in which decapsulation 
and denervation of the involved kidney had been carried out. This was done on 
the basis that by decapsulation the compression of the arterial blood supply is 
reduced. By denervation, the vasoconstrictor factors are eliminated. This causes 
an increased arterial flow to the kidney and an increased production of urine 
with a low specific gravity; also a favorable influence on the opposite kidney b) 
elimination of certain renorenal reflexes is probable. 


Nephrotomy.—Barelare and Vest ‘* describe a new method of closure after 
nephrotomy which eliminates postoperative hemorrhage and reduces strangulation 
of cortical tissue to a minimum. The nephrotomy opening is closed with a form 
of mattress suture, the free ends of which are brought to the outside through the 
skin of the flank, where they are put under moderate tension by attachment to 
rubber bands. The tension is released shortly after operation by detaching the 
rubber bands. Thus the renal tissue is not strangulated by permanent ligatures. 
In case of primary or secondary hemorrhage, bleeding from the cortex can be 
easily controlled by reapplying the tension. The results of the use of this method 
in the repair of nephrotomy wounds were studied in the dog. Kidneys sutured in 
this manner did not suffer as much cortical damage as those sutured with con- 
ventional permanent sutures, as evidenced by study of corrosion models of the renal 
circulation. 

Counterbalance-—Hinman** defines the condition of renal counterbalance. 
Experiments with renal resection demonstrate that compensatory hypertrophy is 
the result of stimulation and that equivalent portions of separate renal masses 
respond similarly irrespective of any disproportion of size. Glomeruli and tubules 
of the small renal remnant become hypertrophied to the same degree as those oi 
the larger renal mass. The functional contribution of each will increase in 
proportion to this compensatory growth. 


13. Egger, K.: Decapsulation und Entnervung als Erganzung zu den organerhaltender 
Eingriffen bei Nierenstein und ihre Bedeutung fiir die Prophylaxe des Riickfalls, Ztschr. i 
urol. Chir. u. Gynak. 46:184-198, 1942. 

14. Barelare, B., Jr., and Vest, S. A.: The Use of Elastic Tension Sutures in Nephrotom) 
Wounds, J. Urol. 49:60-68 (Jan.) 1943. 

15. Hinman, F.: The Condition of Renal Counterbalance and the Theory of Renal Atrophy 
of Disuse, J. Urol. 49:392-400 (March) 1943. 
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Experiments with the repair of hydronephrotic kidneys demonstrates that renal 
tissue injured by urinary back pressure has a remarkable capacity for repair ; that 
this potency is enhanced by stimulation or the need of repair through renal insuf- 
ficiency and is shown at its utmost when the demand is gradually increased; that 
inhibition of activity by such complicating factors as infection and imperfect relief 
of obstruction will affect the degree of repair and of hypertrophy as well as their 
permanence; and that a repaired hydronephrotic kidney disabled in any way by 
degenerative changes will atrophy progressively, and total function eventually will 
be taken over by the healthy, more capable compensatory mate. 

A true condition is defined by the conception of renal counterbalance as the 
bilateral adjustment to a permanent status of carrying total function after the 
removal of injury or disease. The probable renal changes (of repair, of hyper- 
trophy and of atrophy) and the simple principles (related to the potentials of 
functional stimulation and renal reserve power) by which these changes consummate 
a counterbalance should be considered fully in every clinical problem of renal 
repair and restoration of function. 


PYELOURETERAL CHANGES IN PREGNANCY 


Van Wagenen and Jenkins * state that some dilatation of the ureters and renal 
pelvis usually exists in the latter half of pregnancy in the rhesus monkey. The 
first evidence of change of the tonicity of the urinary tract is stasis. A slower rate 
of excretion of the intravenously injected agent and the possibility of visualizing 
a longer column of fluid indicate the appearance of atony as early as the second 
month. Dilatation of the upper part of the urinary tract can develop after the 
removal of the fetus if the placenta remains functional. When established at 
the time the fetus alone is removed, the dilatation will persist and even increase 
before spontaneous expulsion of the placenta at term. The distention of the 
ureter and renal pelvis occurs more often and is more marked on the right side 
than on the left, as in man, and may be bilateral. Lengthening of the ureters is 
also present in the monkey, but to a less degree. Although there may be a residual 
increase of size of the ureter after one pregnancy, there appears to be no definite 
progressive injury to the ureter as a result of repeated gestation per se. The 
greatest dilatation is found in the first pregnancy, and there is a tendency toward 
decrease of size of dilatation in each succeeding pregnancy. Although the “hydro- 
ureter of pregnancy” depends on the endocrine function of the placenta, it was 
impossible with estrogens, in the amounts used, to reduce existing dilatation in 
late pregnancy or to speed up postparturitional regression; nor was premature 
dilatation induced with progesterone. 

Van Wagenen and Jenkins conclude that physiologic hydroureter of pregnancy 
is dependent primarily on the preservation of the endocrine functions of the placenta. 
There appears to be no definite progressive injury to the ureter as a result of 
repeated pregnancy. The dilatation is of greatest size in the first pregnancy, and 
there is a definite tendency to decrease in each succeeding pregnancy. If such 
conditions exist in man, infection should be less frequent after the first pregnancy. 
The estrogens and progesterone failed, in the amounts used, to influence dilatation. 

MacLean and Deming ™ state that the incidence of pyelonephritis in pregnancy 
diminishes with each successive pregnancy. Two thirds of all the infections occurred 
in the first and second pregnancies. The incidence of infection increases each 


16. van Wagenen, G., and Jenkins, R. H.: Pyelo-Ureteral Dilatation in Successive Preg- 
ancies, J. Urol, 49:228-235 (Feb.) 1943. 

17. MacLean, J. T., and Deming, C. L.: The Incidence of Pyelonephritis in Successive 
Pregnancies, J. Urol. 49:236-241 (Feb.) 1943. 
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month, with the maximal occurrence at the fifth and sixth months of pregnancy 
This parallels the incidence of occurrence of dilatation of the ureter. Both parallel 
exactly the increased excretion of estrogen and corpus luteum hormone by the 
placenta during pregnancy. 

Bacilli of the colon group were the commonest infecting organisms, and staphylo 
cocci the next commonest. The bacteria from cultures agreed with those of stained 
smears in 72 per cent of the cases. The bacteriology of bacillary infections, includ- 
ing a review of the literature, has been reported by Sandholzer and Scott. 

Pyogenic infection of the urinary tract occurring during pregnancy is not, in 
MacLean and Deming’s opinion, an indication per se for abortion. There is no 
association between the month of pregnancy at which the infection occurs and 
the ability to reach term, provided that conservative treatment is used. By using 
conservative treatment, 85 per cent of the patients were carried to term or until 
the fetus became viable, and of these 90 per cent were delivered of living babies. 

That pyelitis practically never exists without pyelonephritis is accepted as 
established. In MacLean and Deming’s experience, a considerably reduced excre- 
tion of phenolsulfonphthalein is absolute evidence of pyelonephritis. 

The incidence of hypertension in the group of infections associated with preg- 
nancy was 27 per cent and no higher than that which occurred in any group of 
cases of pyelonephritis not complicated by pregnancy. 

An acute infection of the upper part of the respiratory tract immediately pre- 
ceded the onset of the urinary infection in many of the cases. Dilatation of the 
ureter was likewise a common finding. 

Mandelic acid and the sulfonamide compounds were found to be the most 
effective drugs in combating urinary infection. The range of organisms for which 
they were effective was greater than that of any other single drug used. 

Irrespective of the month of onset of the infection, treatment was given until 
the patient was either “cured” at term or delivered. In only 25 per cent of the 
cases were the patients “cured” at term; yet within two weeks of emptying 
the uterus, 90 per cent of the patients were asymptomatic and free of infection. 


URETER 


Stone.—Kastner ‘* recommends the vaginal removal of ureteral stones which 
are in the lower end of the ureter. In cases of a palpable stone the operation is 
not very difficult. Kastner stresses the importance of careful suture of the ureter 
after removal of the stone. In those cases in which there is considerable infection 
of the urinary tract, this operation should not be carried out, as it fairly commonly 
results in the formation of a ureterovaginal fistula. In suitable cases Kastner 
covers the ureteral suture with a fatty fascial flap. 


Dilatation —Leyh ** discusses gigantic dilatation of the ureter and reviews the 
development of the normal ureter. In most cases dilatation of the ureter arises 
from mechanical or functional disturbance of the outflow as well as by abnormal 
development. Precise discrimination between secondary dilatation and the true 
gigantic ureter or megaloureter is sometimes difficult to make. In order to make 
the diagnosis of megaloureter, definite changes in the ureter itself must be found, 
such as irregularity in the construction of the ureteral wall (fusiform or segmental 
forms), hypertrophy of the muscularis and simultaneous dilatation of the lumen 
and a marked increase of the connective tissue elements. 


18. Kastner, H.: Zur vaginalen Ureterotomie, Ztschr. f. urol. Chir. u. Gynak. 46:111-116 
1941. 

19. Leyh, K.: Ueber den Riesenharnleiter und seine Entstehung, Ztschr. f. Urol. 36:37-60 
1942. 
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Leyh reports 5 cases of megaloureter and concludes that the hypothesis of 
Bard is the most probable one—that as a result of a congenital weakness of the 
ureteral wall the ureter cannot resist the normal or physiologic pressure of 
the outflowing urine, the result being an early dilatation and hypertrophy of the 
wall. The fact that one often finds other abnormalities, such as hypospadias, 
phimosis and anomalous types of kidneys, in association with megaloureter sug- 
gests the embryonal origin of that condition. 


Intubated Ureterotomy.—Davis*° discusses a new operative procedure for 
ureteral and ureteropelvic stricture—intubated ureterotomy. His work on this 
subject was prompted by the results in a case of urethral stricture. After the 
scarred, diseased tissue was laboriously dissected away, there were left a huge 
hole in the perineum and a narrow ribbon of urethral wall, representing a part of 
the roof of that organ, bridging a gap in the urethra a good 1% inches (3.2 cm.) 
long. A catheter was left in the urethra, after which the urethral mucosa spread 
around the catheter and completely filled in the gap. 

Davis applied this same principle in 5 cases of ureteral stricture which he 
reports. 

In the first case a stricture was found in the upper part of the ureter, which 
was cut through in an effort to obtain a small stone in the kidney. A no. 12 
rubber catheter was brought down through the nephrotomy opening into the ureter. 
The ureter was closed loosely about the catheter, but a considerable defect remained 
at the point of the stricture. The catheter was left in for two weeks. Later it 
was found that the persistent narrowing in the upper part of the ureter was 
entirely obliterated and the patient did not have any further pain in his kidney. 

In the second case the patient had a stone which extended into the uretero- 
pelvic juncture. At operation the ureter was found encased in a thick mass of fat. 
The ureter was definitely narrowed below the kidney. A rubber tube was passed 
down the ureter 10 cm. and brought out through a small nephrotomy incision. No 
ureteral sutures were used, and the tube was exposed in the ureterotomy opening. 
The tube was removed accidentally on the tenth day, but the wound healed with- 
out trouble. A month later the patient was well. 

In the third case there was a marked stenotic area just below the ureteropelvic 
juncture. A no. 12 bulb could just be forced through the strictured area. The 
ureter was incised longitudinally over a larger bulb, and a rubber tube, no. 14 F., 
was passed down below the area of incision in the ureter. A large portion of the 
tube was exposed and the ureter was not closed over this. The incision healed 
by first intention around the tube. A study of later roentgenograms showed a 
good result. 

The remaining 2 cases were somewhat similar, unbridged areas in the ureter 
being left without sutures and good results being obtained. 

In intubated ureterotomy, no effort is made to draw the tissues into a new 
form, and no sutures are used. The operation depends on the physiologic repair 
processes of the tissues. The splint is a mold on which the tissues, by their own 
proliferation, reform the ureteral channel in normal size and shape. It must be 
left in place, therefore, until this proliferation is completed and the new channel 
is lined by epithelium. 

In the use of a ureteral or ureteropelvic splint, the size of the splint, its shape 
and the length of time it is left in place are the most important points. Davis 
believes that many tubes used as splints have been too small. It seems reasonable 


20. Davis, D. M.: Intubated Ureterotomy: A New Operation for Ureteral and Utero- 
pelvic Stricture, Surg., Gynec. & Obst. 76:513-523 (May) 1943. 
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that a tube used for this purpose should be as large as will enter the uncut. 
presumably normal, part of the ureter without fitting so tightly as to cause ischemia 
of its wall. It may well be that specially shaped splints, including perhaps conical 
ones for the ureteropelvic junction, will prove to be useful. If a splint is with 
drawn too soon, it will fail of its purpose. The allowance of time for the tissues 
to reconstruct themselves about it should be generous, erring on the side of too 
long rather than on the side of too short. Three weeks may be enough but should 
be regarded as a minimum. It will seldom be necessary to leave a splint in place 
more than four or five weeks. 


Ureteral Trans plantation.—Reimers *! discusses the question of ureteral trans 
plantation. He states that the mortality rate is extremely high. In the review of 
1,360 cases in which operation was performed, he found 348 deaths (26 per cent) 
More than 60 per cent of the deaths were due to ascending infection of the kidneys 
following operation ; 30 per cent were due to postoperative peritonitis. 

Reimers reports a series of experimental transplantations in 150 dogs. He 
states that the results are much more satisfactory in human beings than in dogs 
and gives the combined results of his animal experimentation and his clinical cases 

The peritonitis does not result from an imperfection of technic but from an 
unavoidable biologic process; that is, transverse section of the ureter results in 
necrosis of the stump, which may vary from a few millimeters to several centi 
meters and which in some cases may even involve the intraperitoneal part of the 
ureter. This necrosis of the stump is not caused by disturbance of the circulation 
but is secondary to a necrotic inflammation caused by the intestinal bacteria. The 
necrosis is also increased by the retraction of the ureteral stump which results 
from peristalsis. The necrosis also initiates the ascending renal infection. The 
necrosis of the ureter also causes ureteral obstruction, and three to five days after 
the operation one usually finds that there are hydroureter, hydronephrosis and 
ascending pyelonephritis, which may be followed by uremia and death. Reimers 
advises splinting of the anastomosis with a ureteral catheter in some cases, although 
he states that this may cause an early incrustation and blocking of the ureter, 
especially in the presence of infection. In some cases nephrostomy or pyelostomy 
may be advisable to prevent these complications. In the majority of cases good 
results are obtained at the onset, but a cicatrization of the outlet may develop, 
especially when the necrotic stump of the ureter sloughs off inside the oblique 
channel. 

Reimers discusses his own method of ureteral transplantation. The ureter is 
implanted in the shortest possible way, and the oblique channel method is not 
used. He plants the ureteral stump in the intestinal wall between the muscularis 
and the mucosa and surrounds it by a thin ring of nonoxidizable steel wire. The 
wound is covered by a peritoneal flap. Later the ureter is cut through by means 
of the steel wire through the resectoscope, with an electric cautery. The opening 
from the ureter is also increased by the use of a specially constructed pair of 
scissors through the resectoscope. 


BLADDER 


Tumor.—Abeshouse ** collected records of 26 cases of carcinoma in exstrophy 
of the bladder and added 1 personal case. Adenocarcinoma was the type of tumor 
encountered in 21 of the 27 cases. 


21. Reimers, C.: Das Problem der Harnleiterverpflanzung in den Darm, Ztschr. f. uro! 
Chir. u. Gynak. 46:71-110, 1941. 

22. Abeshouse, B. S.: Exstrophy of the Bladder Complicated by Adenocarcinoma of the 
Bladder and Renal Calculi, J. Urol. 49:259-289 (Feb.) 1943. ' 
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Exstrophy of the bladder and epispadias can be best explained on the basis 
of defective embryonic development. The most satisfactory explanation is that 
exstrophy is caused by mesodermal deficiencies resulting from faulty development 
of the mesodermal mass which originates from the caudal margin of the embryonic 
shield and the caudal end of the primitive streak and gives rise to the ventral 
abdominal wall, genital papilla, symphysis pubis and muscular coat of the bladder. 

The best results in the treatment of exstrophy of the bladder are obtained by 
transplantation of the ureters to the rectum combined with excision of the 
exstrophied bladder. 

There is much histologic evidence to show that the mucosa of the normally 
developed and exstrophic bladder may undergo metaplastic changes as a result of 
chronic inflammation, irritation or obstruction. 

Cystitis cystica and cystitis glandularis develop by a process of metaplasia of 
the epithelium of the bladder which passes through successive stages, that is, cell 
nests of Brunn, cystitis cystica and cystitis glandularis. The formation of lumens 
and glandular elements within the cell nests appears to involve an active secretory 
process rather than a degeneration of the central cells. 

Cystitis cystica and cystitis glandularis are relatively common lesions but are 
frequently overlooked or not recognized by the cystoscopist or pathologist. They 
are benign lesions but must be considered potentially malignant, for they serve as 
the origin of adenocarcinoma in the normally located or the exstrophic bladder in 
a manner analogous to the development of squamous cell carcinoma from leuko- 
plakia. 

There is little evidence to support the contention that adenocarcinoma of the 
normally situated or exstrophic bladder is due to embryonal displacement of 
cloacal or intestinal epithelium, except in cases of tumors in the urachal area of 
the bladder. 

Sumner and Gaynor ** report 2 cases of adenocarcinoma of the bladder. Various 
hypotheses in regard to their origin have been discussed. The first case is best 
explained by an error of embryologic development or association with the urachus. 
In the second case the lesion, because of its location on the trigone, might be the 
result of metaplasia or a proliferation of aberrant glands, but an origin similar to 
that in the first case is also possible. 

Kirwin ** states that vesical papillomatosis is the term applied to a condition 
of the bladder wherein multiple papillomas appear on the mucosa. Histologically 
it does not differ from solitary growth of the same structure. 

Though recognized clinically for more than a century, papilloma of the bladder 
was regarded as primarily malignant and seldom cured until early in the twentieth 
century, when the high frequency current gave a treatment which produced some 
clincial cures, though it yet was far from entirely satisfactory. 

Kirwin believes that vesical papillomatosis is due to a virus. His hypothesis 
has received support and confirmation in the work of Wile and Kingery on the 
etiology of common warts and the more recent demonstration of Beard and his 
co-workers at Duke University that a “specific material” exhibiting the biologic 
characteristics of the virus responsible for rabbit papilloma could be obtained from 
extracts made from the growths themselves. 

In accordance with this conception, Kirwin undertook the treatment of vesical 
papillomatosis in 4 cases by excision of the growths with the wire loop electrode, 


23. Sumner, W. A., and Gaynor, E. P.: Goblet-Cell Adenocarcinoma of the- Urinary 
Bladder: Report of Two Cases, J. Urol. 49:419-425 (March) 1943. 
_ 24. Kirwin, T. J.: Papillomatosis of the Bladder: New Conceptions of Etiology and 
Treatment, J. Urol. 49:1-13 (Jan.) 1943. 
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cauterization of the bases with the ball electrode and sterilization of the mucos: 
of the bladder by application of a 50 per cent solution of phenol in glycerin, fol 
lowed by 95 per cent alcohol, when the solution of phenol has been in contact with 
the mucosa for about three minutes. 


In a discussion of carcinoma of the bladder and the importance of recto 
abdominal palpation with the patient under anesthesia in the selection of cases for 
total cystectomy, Jewett ** states that during the past two years he has carried 
out ureteral transplantation on 31 patients, 26 of whom had extensive cancer of 
the bladder. The majority of these 26 patients had been under conservative treat- 
ment elsewhere for many months, sometimes years, before they were referred for 
cystectomy. In 15 cases he was impressed with the fact that palpation of the bladder 
from within the peritoneal cavity at laparotomy revealed a much larger tumor 
than had been suspected on cystoscopic examination. The second stage of this 
operation has been carried out in 20 cases, but has been combined with cystectomy 
in only 16. 

In 4 of the series of 26 cases of extensive carcinoma of the bladder the con- 
dition was found to be inoperable at laparotomy, and in 4 others recurrence or 
metastasis developed after cystectomy. It is apparent, therefore, that the usual 
methods of examination are inadequate to establish operability. 

For practical purposes it is necessary to have a simple working classification 
which is based on the answer to the two most important questions of all: 1. Has 
the tumor invaded the bladder muscle? 2. Is it operable? For determining the 
most appropriate treatment, Jewett separates tumors of the bladder into three 
groups: 


Group 1 includes the noninfiltrating tumors. Cystoscopic examination estab- 


lishes the diagnosis for this group. If, however, the intravesical mass is large and 
its base not well visualized, so that the possibility of infiltration cannot be excluded, 
subsequent rectoabdominal palpation with the patient under intravenous or spinal 
anesthesia should be carried out, usually just before endovesical destruction of 
the tumor. 


Group 2 is made up of infiltrating tumors completely confined to the wall 
of the bladder. If in the absence of marked vesical symptoms cystoscopy should 
be undertaken with the patient under local anesthesia, the appearance of the tumor 
and the surrounding vesical mucosa will suggest at least some infiltration. A 
subsequent examination with the patient under intravenous or spinal anesthesia is 
then indicated for the purpose of making a more accurate inspection, obtaining a 
specimen for a biopsy and making a bimanual examination. 

Group 3 is made up of infiltrating tumors with perivesical extension, with or 
without metastasis. A cure by total cystectomy in the majority of cases in this 
group is impossible. Inoperability is indicated by any one of the following findings: 
(1) a large, hard, irregular mass projecting well beyond the wall of the bladder, 
which sometimes can be felt also by the fingers palpating the abdomen ; (2) thicken- 
ing and induration in the inferolateral ligaments of the bladder when the tumor 
involves the base; (3) fixation of the mass to the bony pelvis or to other peri- 
vesical structures, unless these are structures which can be completely removed with 
the bladder, such as the seminal vesicles or the upper part of the vagina in women ; 


25. Jewett, H. J.: Carcinoma of the Bladder: The Importance of Recto-Abdomina! 
Palpation Under Anesthesia in the Selection of Cases for Total Cystectomy, J. Urol. 49:34-4! 
(Jan.) 1943. 
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(4) metastasis, which may be revealed by general physical examination and roent- 
genograms of the thorax, spinal column and pelvis. 

Jewett concludes that rectoabdominal palpation while the patient is under 
anesthesia is the most satisfactory method for determining whether the primary 
carcinoma is confined to the wall of the bladder. It is practicable and is indicated 
as a routine procedure in all cases of tumor of the bladder in which there is any 
question of infiltration, as revealed by cystoscopy and biopsy. Total cystectomy 
as a means of cure should be considered only when the mass is completely confined 
to the bladder wall and is movable. Rectoabdominal palpation with the patient 
under anesthesia in cases of carcinoma of the bladder gives invaluable aid in 
establishing two facts: (1) deep invasion of the bladder muscle, indicating the 
probable hopelessness of further conservative management, and (2) suitability of 
the case for radical cure by total cystectomy. 

V esicointestinal Fistula—Lazarus and Marks*® state that vesicointestinal 
fistulas may be divided into actual fistulas and incipient or threatened fistulas. 

Analysis of the literature indicates that inflammatory lesions of the bowel 
constitute the underlying cause of fistulas in 51 per cent of cases. Tumors of 
the bowel were present in 21.3 per cent of the collected cases. A review of cases 
of intestinal inflammation shows that diverticulitis was the primary cause in 65.8 
per cent. The most frequent neoplastic lesion of the bowel was carcinoma of the 
rectum (50.8 per cent). As regards the location of the fistula, it was noted that 
the most frequent site was between the bladder and the rectum (43.5 per cent). 

The cardinal symptom of actual fistula is the passage of gas or feces through the 
urethra. Symptoms of an incipient or threatened fistula are more suggestive than 
pathognomonic. In cases in which the primary lesion is in the bladder, the 
appearance of intestinal symptoms is suggestive of a contact inflammation between 
the bladder and the intestine. When the primary lesion is in the bowel, the 
appearance of vesical symptoms should likewise suggest this same condition. 

Diagnosis, especially in cases of incipient fistulas, depends primarily on cysto- 
scopic examination. 

Proper preoperative preparation of the bowel is probably one of the most 
important requirements for successful surgical intervention. In cases of actual 
fistulas, graded stage operations are necessary. The use of an indwelling urethral 
catheter obviates the necessity of closing the fistulous opening in the bladder. 
Systemic and local employment of sulfonamide compounds has been found of great 
value. 

Prognosis depends entirely on the underlying pathologic condition. 


Rupture ——Bacon ** reports a series of 147 cases of rupture of the urinary 
bladder. The predominating symptoms and findings were pain, shock, hematuria, 
retention of urine and skeletal injuries. Cystography was the most significant single 
diagnostic procedure. Ideal management consisted of immediate treatment for 
shock, early diagnosis, prompt surgical exploration and suprapubic cystostomy. 
The total mortality rate was 44.2 per cent (65 deaths), and the surgical mortality 
rate in the 126 cases in which operation was performed was 36.5 per cent (46 
deaths). 


; 26. Lazarus, J. A., and Marks, M. S.: Vesico-Intestinal Fistula—Actual and Incipient : 
Early Diagnosis and Treatment, Am. J. Surg. 50:526-535 (March) 1943. 

27. Bacon, S. K.: Rupture of the Urinary Bladder: Clinical Analysis of One Hundred 
and Forty-Seven Cases in the Past Ten Years, J. Urol. 49:432-435 (March) 1943. 
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Radiation Injuries —Kulitzy ** carried out systematic urologic examinations in 
150 cases of carcinoma of the uterus. Damage to the bladder following roentgen 
and radium therapy frequently causes conditions which are similar to the radiation 
injuries of the skin. He distinguishes several stages: In the first place these 
patients get acute cystitis with frequency of urination, dysuria and tenesmus. At 
cystoscopy, hyperemia is found. In an occasional case there are also ulceration 
and necrosis of the wall of the bladder. This condition usually starts one or two 
weeks after the first application and is due primarily to a large, initial dose. 
especially in the cases in which radium is used. There is also a secondary chronic 
lesion which results from the cumulative effects of a series of radiation treatments. 
In these cases, cystoscopy reveals telangiectasis with capillary aneurysms together 
with atrophy of the mucosa of the bladder. This condition may cause hematuria 
together with chronic ulceration. These secondary changes develop from one 
month to several years after the first irradiation. Radium treatment most commonly 
causes changes in the base of the bladder and in the region of the trigone. Lesions 
occurring in the vertex most commonly result from roentgen therapy. There is 
also a third group of injuries which are caused by radiation therapy plus some 
other traumatic factor, thermal, mechanical, chemical or infectious. 

Malacoplakia.—Ledergerber ** states that malacoplakia is rarely encountered in 
the living patient. He reports a case of this condition in a woman aged 39 years who 
had had repeated attacks of cystopyelitis over a period of ten years. These attacks 
lasted for several weeks and were usually associated with severe pain in the left 
renal region. The urine showed evidence of infection. The tests of renal function 
gave normal results. On cystoscopic examination the vesical mucosa showed a 
number of irregularly disseminated circular foci of different size with pale red, 
raised regions. Biopsy of one of the regions showed malacoplakia. The regions 
were covered by normal mucosa and were composed of a mass of granulations 
formed of round and oval epithelial cells. There were also infiltration of pus cells 
and many capillary vessels. A second cystoscopy, three months later, showed only 
a few of these regions in a comparatively normal bladder. Infection with Escherichia 
coli, which was found at the first examination, was still present, though not so 
severe. Ledergerber states that malacoplakia seems to be a special form of reaction 
of the mucosa of the urinary tract in cases of severe infection with Escherichia coli. 
This apparently is in evidence for only a short period and then changes over to a 
form of cystitis granularis. A few cases which have been observed in vitro and 
reported in the literature confirm these statements. 


Neurogenic Conditions——Smith and Strasberg *° state that it is the common 
belief that dilatation of the ureter and renal pelvis accompanies the neurogenic 
and the cord bladder. They carried out a series of studies of the innervation oi 
the ureter. These dissections demonstrated a relative lack of nerve fibers to the 
middle three fifths of the ureter, as contrasted with the terminal portions. Cysto- 
metrographic studies revealed that the earliest manifestation of syphilitic involvement 
of the nervous system is to be found in the nerve mechanism of the bladder. Smith 
and Strasberg investigated 50 cases of neurogenic and cord bladder and did not 
encounter a single case of dilatation of the ureter and renal pelvis. Tests of renal 
function did not demonstrate any impairment of function. 


28. Kulitzy, G.: Die Strahlenschadigung der Blase, Ztschr. f. urol. Chir. u. Gynak. 46: 
125-134, 1941. : 


29. Ledergerber, E.: Ein Fall von Malakoplakie der Harnblase, Ztschr. f. urol. Chir. u 
Gynak. 46:139-142, 1941. 

30. Smith, E., and Strasberg, A.: The Upper Urinary Tract in Cases of Neurogeni 
Bladder: Preliminary Communication, Tr. Am. A. Genito-Urin. Surgeons 35:147-152, 1942 
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PROGRESS IN ORTHOPEDIC SURGERY FOR 1942 


A REVIEW PREPARED BY -AN EDITORIAL BOARD OF THE AMERICAN 
ACADEMY OF ORTHOPAEDIC SURGEONS 


XIV. CONDITIONS OF THE FOOT AND ANKLE 


PREPARED BY EMIL D. W. HAUSER, M.D., CHICAGO 
ASSISTED BY ROBERT MONTGOMERY, M.D., MILWAUKEE 


According to Selig,*** the basic pathologic process of common painful lesions 
of the foot is a compression of the soft parts, the skin and subcutaneous tissue, 
between underlying bony prominences and the leather of the shoe or another bony 
prominence. The result is thickening of the skin, formation of a bursa and eventually 
cartilaginous and later bony proliferation at the points of pressure. He feels that 
relief should be obtained by wearing of well fitting shoes or by surgical removal 
of the underlying protuberance. 

[Ep. Note.—The conditions mentioned, namely, bursitis, calluses and corns, 
are not basic but are symptomatic. It is malposition of the structures of the foot 
that makes the foot vulnerable to the contact of the shoe. This malposition of the 
foot has to be traced to its cause. The treatment as outlined by Selig is symptomatic ; 
that is, its principle is that the friction must be relieved by altering the shoe so 
that it cannot press on the structures. Selig’s recommendations for symptomatic 
treatment of the different conditions are useful, but the conditions must be cor- 
rected more basically by reestablishing normal position of the foot and normal 
function. ] 

Lake **° makes an appeal for the influence of structural changes that are based 
on heredity and are traced back to faulty development in the course of evolution. 
He states that “a well developed foot, judged by evolutionary criteria, may stand 
up to considerable abuse, failing only when the mal-treatment becomes excessive ; 
but a badly adjusted foot may fail under normal stresses of ordinary locomotion 
without any misuse whatsoever.” 

Morton **° wishes to distinguish between the signs of a faulty shoe and those 
of internal disorders of the foot and suggests that one can assume that pain on 
the top and sides of the foot is due to a faulty shoe but that when the disorder is on 
the bottom or sole of the foot the trouble is probably in the foot. He emphasizes 
roentgen studies for the diagnosis of disorders within the foot. He believes that 
the symptoms are due to irritation and therefore recommends plenty of rest. 

Osgood *"* gives a historical review of the scientific investigations of the foot, 
with special reference to the work of Duchenne, who demonstrated the imbalance 
between the inverter and the everter muscles of the foot in foot strain. In 1907 
the author and Dr. Legg carried out an experiment to establish the strength of the 
two groups of muscles and were able to demonstrate: “In the first group, which 
one may call the symptomless normal feet, the inverters of the foot acting as 


_ 368. Selig, S.: Painful Lesions of Feet: Their Basic Pathology and Treatment, J. Mt. 
Sinai Hosp. 8:1216-1219 (March-April) 1942. 

(369. Lake, N. C.: Evolution as Etiologic Factor in Foot Disorders (Bolingbroke Lecture), 
Brit. M. J. 1:31-35 (Jan. 10) 1942. 


370. Morton, D. J.: Functional Disorders of Feet and Their Treatment, New York State 
Med. 42:2119-2123 (Nov. 15) 1942. 


371. Osgood, R. B.: Important Etiologic Factor in So-Called “Foot Strain” (Faulty 
Muscle Balance), New England J. Med. 226:552-557 (April 2) 1942. 
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protectors of the arches, were stronger than the everters or depressors of the arches 
in the ratio of approximately 5 pounds pull of the inverting protectors to 4 pounds 
pull of the everting depressors. . . . In the third group, that of patients with more 
pronated feet seeking advice because of symptoms of foot strain, the pounds pull of 
the everters or depressors of the arches was definitely stronger than that of the 
inverters or protectors of the arches.” On the basis of these experiments, they 
carried out exercises which increased the strength of the inverters, or protectors 
of the arch, with good results. He speaks of the difficulty of getting a patient to 
carry out the exercises. 


[Ep. Note.—The imbalance of muscles cannot be assumed to be primary. It is 
true that the inverters in cases of foot strain and of pes valgoplanus are pro- 
portionately decreased in strength while the everters are increased. It is necessary 
to establish the cause of the imbalance. It is known that a foot that is totally 
decompensated will go into valgus position, and the continuous use of the foot in 
the valgus position is bound to increase the strength of the everters and proportion- 
ately decrease the strength of the inverters. The results obtained by reestablishing 
the normal balance between the inverters and the everters will in turn reestablish 
the normal position of the foot, but it has been the experience of one of the editors 
(E. D. W. H.) that it is more practical to bring the foot into normal position and 
then carry out normal functional exercise, namely, correct gait, in order to obtain 
the results mentioned by Osgood.]} 

According to Hauser,*** most common disorders of the foot are due to functional 
decompensation. Functional decompensation is an imbalance between the demand 
made on the foot and the capacity of the foot to do the work required of it. This 
imbalance may be due either to an increase in load or to a decrease in strength. A 
functional decompensation of the foot, like a cardiac decompensation, will give rise 
to a definite symptom complex and objective findings, such as fatigue, some stiffness, 
tenderness, overstrained ligaments, muscle spasm and contractures, valgus deformity 
of the heel, pronation in the midtarsal area, abduction of the anterior part of the 
foot and lowering of the longitudinal arch. The head of the first metatarsal is 
forced dorsally and away from the second; the fifth metatarsal is similarly spread 
away from the fourth; there are flexion contracture of the toes with secondary 
clavi, hallux valgus deformities of the great toes and accompanying bursitis, 
periostitis, and in some cases spur formation at the attachment of the plantar fascia 
to the calcaneus. 

Correction requires reestablishment of normal relationship of the bones and 
relief of functional decompensation. To accomplish this, the heel of the shoe is 
raised on the inner side, forming an inclined plane which brings the heel of the foot 
into varus. The distorted anterior part of the foot is corrected and brought into 
normal relationship with the varus position of the heel by a comma-shaped bar 
that is higher on the outer side, forming an inclined plane that is higher under 
the fuurth, third and second metatarsal bones than under the first. It does not 
go under the fifth, because this is normally weight bearing and is relatively lower 
than the middle three. The distance from the bar to the heel must be sufficient to 
allow pliability in the region of the shank of the shoe. The pliability of the leather 
in the sole permits the heel to be twisted in one direction while the transverse bar 
forces the anterior part of the foot in the opposite direction. With the correction 
of the valgus of the heel and the anterior supination in the manner described, the 
longitudinal arch is restored, as is also the anterior, or transverse, arch (correction 


372. Hauser, E. D. W.: Common Disorders of Foot, Quart. Bull., Northwestern Univ 
M. School 16:110-113, 1942. 
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oi pes latus). The reestablishment of the normal position of the head of the first 
metatarsal bone tends to straighten the great toe (decrease of hallux valgus). The 
raised comma-shaped bar stretches the muscles of the toes with each step and 
straightens out the contracted toes. Bringing the heel into varus and the anterior 
part of the foot into relative pronation relieves the tension on the plantar fascia and 
permits the periostitis to subside. If the deformities are mild or moderate, this 
conservative treatment will be sufficient to cure them. The corrective shoe permits 
and encourages the establishment of the normal anatomic relationship of the bones 
to each other and reestablishes the propulsive force; thus normal function is made 
possible. The patient is taught how to walk properly, in a heel and toe manner. 

Hamsa *** urges interest on the part of the medical profession in the treatment 
of common disorders of the foot. He speaks of the local treatment with regard to 
good shoes and stockings that fit. He discusses his method of treatment for pes 
valgoplanus, in which he raises the inner side of the heel and the outer side of 
the sole of the shoe, and advises special exercises to increase the strength. In 
speaking of the soft corn, he refers to the fact that many such lesions are complicated 
by fungous infection. He treats the fungous infection and uses a pad to prevent 
friction rub, and in certain cases he advises the removal of the bony prominence 
beneath the corn. In the treatment of disorders of the foot he stresses a general 
systemic examination. 

According to Hale,*’* people who wear no shoes or wear a Munson last have 
good feet from a functional point of view; the average custom-made shoe has a 
tendency to cause a lateral deviation of the big toe and the anterior part of the foot, 
together with a compression of the anterior part of the foot. This deviation of 
the anterior part of the foot causes a partial or total loss of support of the head 
of the first metatarsal bone. With regard to the symptoms of foot strain, he also 
brings out that there is a tendency toward tightness of the hamstring muscles and 
inability fully to extend the knee, as well as an overdevelopment of the muscles 
of the outer part of the calf and the thigh. He feels that with treatment 100 per 
cent of the disorders of the foot resulting from wearing improper shoes should 
be prevented. In his opinion properly built and properly fitted shoes and normal 
walking will correct the disorders in young people that have been present as a 
result of bad shoes ; as to those of older people, he is not optimistic. 


[Ep. Note.—It is our experience that deformities of the foot can develop in 
people who go barefoot. The natives who were the subjects of early studies were 
apparently warriors and people in excellent physical condition. According to 
the observations of one of the editors (E. D. W. H.) primitive races that show 
signs of general physical degeneration show also pes valgoplanus and other deformi- 
ties of the foot. ] 

In this article Chandler *** brings out the fact that pronated feet in children 
result from inadequate ligamentous tone of primary or secondary origin. It is 
unreasonable to expect the tarsal structures to exhibit degrees of tone differing 
from that found in similar structures elsewhere in the body. Pronated feet are 
the rule in the presence of general muscular or ligamentous hypotonia of any 
origin. Examples are commonplace in rickets, amyotonia, arachnodactyly, con- 
genital heart disease and malnutrition and after any prolonged illness. Pronated 
feet of secondary origin reflect some basic imbalance of muscular action. The treat- 


9 ri — W. R.: Treatment of Common Foot Disorders, Nebraska M. J. 27:242-245 
uly 42. 
374. Hale, T., Jr.: Cause and Prevention of Weak Feet, Mil. Surgeon 90:518-535 (May) 1942. 


375. Chandler, F. A.: Children’s Feet, Normal and Presenting Common Abnormalities, 
Am. J. Dis. Child. 68:1136-1146 (June) 1942. 
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ment of pronated feet consists in the restoration of muscle and ligamentous tone 
by the elimination of the causative factors. It must be general as well as local 
Exercises should be directed toward the strengthening of flexor muscles acting on 
the toes and flexor muscles of the forefeet. Stretching of the calf muscles should 
always accompany exercises directed toward increasing their strength. The use 
of molded foot plates or the prolonged use of plaster casts is rarely if ever indicated 
Shoes of substantial construction are essential. These should be altered so as 
to move the center of weight bearing laterally, restoring the normal bony relations 
in the feet. Operative measures are indicated only in cases in which the condition 
is persistent. In addition, there are diagrammatic drawings and photographs 
Some of the photographs show the form of exercises that he recommends. 

Thelander and Fitzhugh ** made a thorough study in which they made the fol- 
lowing observations: Deviations from the ideal midposition of children’s feet may 
be partly due to prenatal causes and partly acquired by faulty sleeping positions. 
Some of these malalinements are actual and persist, and others may disappear 
during normal growth under favorable conditions of symmetric activity. It is 
important that deviations from the neutral position be recognized and corrected 
before weight bearing begins. Sleeping and sitting in distorted positions during 
infancy and childhood are found to cause permanent distortions of the feet, ankles 
and knees. It is not safe to assume that all early faults in alinement will auto 
matically disappear during the period of growth. The earlier a distortion and its 
contributing factors are recognized and measures taken to overcome them, the more 
certain are the results. 


[Ep. Nore.—This is a good study and confirms the observation of others, 
but it is the first time it has been recorded as a scientific study, namely, that there 
is a variation in the feet of children at birth and in the subsequent growth before 
weight bearing. This variation has been considered within the range of normal as 
long as it was not necessary to bring about mechanical interference, so that the 
distinguishing line between a true pes adductus and a foot with inversion tendency 
is sometimes difficult to determine. The relationship of the child’s posture in sleep- 
ing, sitting and crawling and the position of the foot before walking are worthy of 
attention. ] 

Wood *** states that in the terminology of medical category sheets the foot 
troubles fall into three main groups: severe, moderate and minor. At Horton 
Hospital an outpatient foot clinic has been instituted. Persons with disorders of 
the feet are sorted into two groups (1) those needing inpatient treatment, (a) 
remedial exercises, (b) manipulation or (c) operation (with an unwilling patient 
surgical intervention may do more harm than good), and (2) those who can be 
treated as outpatients. In general, it has been found better not to hospitalize 
soldiers for more than three weeks, because of complications arising in regard to 
movements of troop units. In the outpatient groups are those who can be benefited 
by simple expedients. Boots are carefully fitted ; socks are inspected for shrinkage, 
and wedges or insoles are made or fitted. The use of a valgus insole or a metatarsal 
bar has proved practical. An outside bar wears out so rapidly that an inside sponge 
rubber pad is preferable. 

According to Crisp,*** only a minority of soldiers with painful feet show glaring 
defects. He divides the men with disorder of the feet into two groups: those 


376. Thelander, H. E., and Fitzhugh, M. L.: Posture Habits in Infancy Affecting Foot 
and Leg Alignments, J. Pediat. 21:306-314 (Sept.) 1942. 

377. Wood, H. L. C.: Foot Problem in Service Cases, Proc. Roy. Soc. Med. 35:193-195 
(Jan.) 1942. 


378. Crisp, E. J.: Physiotherapy and Soldier’s Foot, Proc. Roy. Sec. Med. 35:217-22! 
(Jan.) 1942. 
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who had no trouble prior to entering the army, and those who had trouble before 
their entrance. The men that did have trouble before joining the army he groups 
again into those with weak feet, those with stiff feet and those with incoordinated 
feet. The weak foot requires six to eight weeks of treatment, including application 
of heat, massage and exercises. For the stiff foot, the prognosis following similar 
treatment plus manipulation is excellent. The incoordinated foot under military 
training becomes still more incoordinated, which may result in the development of 
deformity. After preliminary rest in bed, the keynote of treatment is to develop 
disassociation of the tibialis anticus and extensor digitorum longus muscles. This is 
accomplished through training of the muscles and stimulation of them by “surging” 
faradism. Feet which were troublesome in civil life are often aggravated by the 
military requirements. 


Cozen *** advises that frequent reexaminations be made to eliminate those rare 
persons having the early symptoms of thromboangiitis obliterans (Buerger’s 
disease), arthritis and march foot. A medical officer will find that many forms 
of therapy for treating the same condition of the foot must be known to him, 
inasmuch as one method is not universally obtainable or applicable in the army. 
He points out that the pain of flatfoot, when the origin is largely based on a 
soldier’s discontent with his duties or environment, will not be relieved by the 
medical officer. 


As a prophylactic measure Rostrup **° advises a careful inspection of the feet 
at the time of recruiting as most important from the point of view of economy and 
efficiency, and gradual early training to break in a new recruit and not break down 
his feet. He recommends the teaching of foot hygiene to the platoon officers and 
men. He stresses the importance of the treatment of minor conditions of the feet, 
such as blisters, to prevent more serious conditions. The experiences with surgical 
operations on the feet in rehabilitating soldiers has not been fortunate, and for 
this reason major disabilities will have to be assessed and treated if indicated along 
conservative lines. Operation, at present, should be allowed only in selected cases, 
and then its value in the Army is open to doubt. 

Barry *** emphasizes the importance of the foot for all three branches of 
military service. He has followed men who were discharged from the Air Force 
because of foot disabilities after completing their training and he brings out the 
point that some of these disabilities should have been recognized earlier, to save 
the tremendous expense of training the men. He has found that men with severe 
conditions, like tumors and changes that can easily be recognized by roentgen 
examination, are adequately rejected. There are a nuinber of borderline types of 
disabilities of the foot which he describes, and details are given for the standards 
of acceptance or rejection. 


[Ep. Note.—The difficulty arises not in recognition of the anatomic changes but 
in the variation of the functional capacity, and in addition to the observation of the 
alterations that are seen in the feet one must take into consideration the functional 
capacity that the man was subjected to during his civilian life. This is a further 
aid in judging capacity to carry out the military demands and is of value in the 
selection or rejection of these military candidates. } 


379. Cozen, L. N.: Treatment of Painful Feet in the Army, Mil. Surgeon 91:196-198 
(Aug.) 1942. 


380. Rostrup, O.: Inspection and Treatment of Soldier’s Feet, Canad. M. A. J. 47:323- 
326 (Oct.) 1942. 


oat Barry, D.: Foot Standards for War Service, M. J. Australia 1:404-406 (April 4) 
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In a true giant growth of the foot Bergmann *** offers an improvement in 
treatment by removal of the fifth toe and the fifth metatarsal bone and partial 
excision of the cuboid bone. The tendon of the peroneus brevis muscle was 
reanchored on the cuboid bone. He found that there was no interference with 
function and there was an improved cosmetic result. 

Wagner *** reports the results of 100 cases in which he did a calcaneocuboid 
arthrodesis and performed arthrodesis on the subastragaloid joint. In addition, he 
constructed an anatomic elongation on the posterior aspect of the astragalus by means 
of a reflected segment of the os calcis. This piece of bone articulated with the 
inferior posterior surface of the tibia. In other words, this is a modified Campbell 
bone block. He reported good results except in 8 cases in which there was a 
varus deformity, which deformity he counteracted by dividing the tibialis posticus 
tendon; 1 case in which revision of the height of the transplanted bone was made 
to allow more extension of the foot; 1 case of bilateral spastic equinus due to 
encephalitis in which the patient died and 20 cases in which there was some dif- 
ficulty in healing of the posterior wound. All healed within three months. 


[Ep. Note.—In the opinion of one editor (E. D. W. H.) it is preferable to 
perform the triple arthrodesis along with the posterior bone block. In many cases 
it is well to correct the deformity, if there is one present, by means of manipulation 
before doing the arthrodesis, inasmuch as it gives a longer and more stable foot 
and requires less removal of bone structures. ] 

For the surgical correction of pronated feet due to loss of support by the deltoid 
ligament, Milch *** describes the following operation: A tunnel, running antero- 
posteriorly, is made, beginning on the medial surface of the tibia, above the 
epiphysial line. Through this a guide suture is passed. The incision is opened so 
as to expose the abductor hallucis muscle below and the tendon of the tibialis 
posticus muscle in front. The sustentaculum tali is visualized between the tendon 
of the tibialis posticus and that of the flexor digitorum longus muscle. With 
a broad, blunt periosteal elevator, all the tissues lying below the sustentaculum and 
posterior to the calcaneocuboid articulation are elevated, and a transverse calcaneal 
tunnel is drilled, so as to emerge on the lateral surface of the os calcis, in the region 
of the trochlear process. The guide suture previously passed through the tibia is 
now passed down along the inner aspect of the ankle, beneath the tendon of the 
tibialis posticus muscle and around the inferior surface of the os calcis. A small 
external counterincision is made, and from without inward a graft is passed back 
through a tunnel made in the os calcis. A small incision is now made over the 
fascia lata in the lower portion of the thigh. With the fascial stripper, a long strip of 
fascia is removed subcutaneously and is passed through the drill holes, exactly along 
the course of the guide sutures. The heel is strongly supinated, and the strands of 
the fascial graft are sutured to the bone and are then united to each other, if possible. 
The wound is closed in layers, and a plaster-of-paris boot is applied with the foot 
in the maximum of inversion. Immobilization is maintained for six weeks. On 
removal of the plaster, a well molded foot plate is prepared and the patient is allowed 
to bear weight in wedged shoes. He recommends the procedure particularly for ado- 
lescent patients, between the ages of 8 and 15, feeling that it has special merit since 
it is completely extra-articular and avoids the danger to the epiphysial growth zone. 


382. Bergmann, E.: Partial Giant Growth: Operative Reduction in Size of Foot, Am. J. 
Surg. 55:548-549 (March) 1942. 

383. Wagner, L. C.: Bone Block for Paralytic and Spastic Equinus: Study of End 
Results for One Hundred Cases (1925-1940), J. Mt. Sinai Hosp. 9:826-831 (Nov.-Dec.) 1942. 

384. Milch, H.: Reinforcement of Deltoid Ligament for Pronated Flat Foot: Inversion 
Fasciodesis of Os Calcis, Surg., Gynec. & Obst. 74:876-881 (April) 1942. 
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[Ep. Nore.—For feet that are normal in every way except for structural weak- 
ness it is sufficient, particularly in the adolescent, to bring the foot into varus and 
the anterior part of the foot in its normal relationship to the posterior part by means 
of the corrective shoe, and then follow through with normal exercises. In cases in 
which there is a true paralysis and such an operation would be of value, it is the 
opinion of one edjtor (E. D. W. H.) that the fascial structure would not be able 
to retain the position against the body force. ] 

Fitch and King **° describe an operation based on the principles of treatment 
described by Kidner and Lowman for correction of pes valgoplanus, which has 
failed to respond to conservative treatment. The procedure consists in a trans- 
position of the insertion of the posterior tibial tendon and of the anterior tibial 
tendon. They also lengthen the tendo Achillis. They have found that this procedure 
is best suited to feet that have faulty foot posture with depressed longitudinal 
arches, rather than feet with completely flattened longitudinal arches. 


[Ep. Nore.—The feet for which this operation is indicated, according to the 
authors’ criteria, would respond to conservative treatment in most instances. 
Lengthening of the tendo Achillis tends to weaken the foot further and gradual 
stretching of the tendon is preferable. When there is an accessory scaphoid, 
removal of the accessory scaphoid with transplantation of the tendon after the 
manner of the authors is to be recommended. | 

Kuhns *** states that weakness and other disturbances of the foot are found 
in more than 50 per cent of all small children, and many of them disappear 
spontaneously as skill in balance and walking develops. Five-tenths per cent of 
the feet show a persisting ligamentous relaxation. Unless properly treated this 
relaxation progresses and gives functional disturbance in adult life. There is a 
variation of the ligamentous relaxation in the feet of infants at birth. Severe 
changes all the way up to a typical pes calcaneovalgus congenitus have been 
described in the literature. From a study of feet of children during the past ten 
years, with prolonged and discouraging attempts at correction, we feel that this 
ligamentous relaxation with its many variations can best be called congenital flat- 
foot. At birth all show unusual relaxation. The cause is not clear, but available 
data suggest that it is inherited, behaving like a recessive trait. Treatment should 
be started in early childhood. The foot should be held while at rest and in weight 
bearing in inversion and with slight elevation of the longitudinal arch. In cases 
in which congenital flatfoot is not corrected by this treatment, relief of symptoms 
can often be secured by proper shoes and by supports under the longitudinal arch 
and the inner side of the heel. For severe disability seen in adolescence or adult 
life, a surgical procedure which will hold the foot in a good weight-bearing position 
is usually required. 


[Ep. Nore.—The emphasis on early recognition and early treatment of flatfoot 
is commendable. } 

McFadyean *** stresses the fact that to obtain a correction of a hammer toe it 
Is necessary to wait six weeks, until an arthrodesis occurs. To avoid a surgical 
operation he recommends the conservative method for taking pressure off the 
deformed toe by placing a dome-shaped metal raise on a shoe tree in the area where 
the shoe presses on the contracted toe. This raise on the shoe tree stretches the 
shoe sufficiently to allow space to prevent friction rub. 


385. Fitch, R. R., and King, B. B.: Operative Treatment of Relaxed Weak Feet, J. Bone 
& Joint Surg. 24:574-575 (July) 1942. 

386. Kuhns, J. G.: Congenital Flatfoot, Arch. Pediat. 58:755-763 (Dec.) 1941; Con- 
genital Flatfoot, J. A. M. A. 120:329-333 (Oct. 3) 1942. 


387. McFadyean, K.: Prevention of Hammer-Toe Bursitis, Lancet 1:474 (April 18) 1942 
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[Ep. Note.—Conservative treatment by removal of the pressure is of value | 
those cases in which surgical intervention is contraindicated. ] 

Von Pap *** describes a new apparatus for obtaining extension of the great toc 
following operations for hallux valgus and hallux rigidus. In cases in which the 
abnormality was bilateral he applied the apparatus on the one foot and a cast on 
the other and found that the feet treated with the cast showed greater stiffness 
than those to which the apparatus was applied. He suggests that traction be 
applied for the first three postoperative days. On the fourth and fifth days 
mobilization is begun. In this way he obtained better functional results. 

In discussing perforating wounds of the foot, Bowen *** says: In dealing with 
nail puncture wounds incurred by the laborers in the construction of the United 
States Naval Air Station at Jacksonville, Fla., the following simple plan of treat- 
ment was used. The foot was soaked for fifteen to thirty minutes in hot water to 
which liniment of soft soap (tincture of green soap) or a quantity of saponated 
solution of cresol was added. (He does not believe the addition of these solutions 
affected the results.) The foot was dried carefully and an area 2 to 3 inches 
(5 to 7.5 cm.) in diameter around the wound was painted with mercresin (ortho- 
hydroxyphenylmercuric chloride). The edges of the wound were grasped with 
splinter forceps, and the epidermis was cut away for several millimeters about the 
circumference of the wound. This exposed the foreign matter (usually sand; 
rarely particles of sock, leather, rust, rubber or concrete) which could then be 
easily removed with forceps or wiped away with a cotton applicator soaked in 
tincture of mercresin. The wound was not probed beyond % inch (0.6 cm.), and 
this was done under direct vision. A dry dressing was applied, and 1;500 U. S. P 
units of tetanus antitoxin was given. If the wound was caused by a larger nail 
than 10 penny, the patient was instructed not to walk for one or two days; other- 
wise he returned to work at once. The patient was instructed to soak his feet in 
hot water for thirty minutes when he reached home and repeat at bedtime. Patients 
with severe wounds, caused by nails larger than 10 penny, were given crutches and 
told not to bear weight on the foot for one or two days. They reported to the 
hospital for further inspection on the day they returned to work. If there was any 
sign of increasing inflammation, rest and elevation and hot compresses were advised 
Patients with minor wounds were instructed to return only if increased soreness 
was noted. No prophylactic treatment with a sulfonamide compound was used orally 
or locally. In this paper only patients who came for treatment on the day of 
injury are considered. Soaking the foot in hot water dilates the tissue capillaries, 
and this brings an exudation of lymph, the best germicidal agent in the body, into 
the affected area. Leukocytes are probably mobilized by the local elevation of 
temperature. There were no deaths in a series of 661 cases and no tetanus. 
Cavalry units were stationed at the sites of air stations during the first World War, 
and thus the nails were probably exposed to the tetanus bacillus. There was a 
total of four hundred days of disability in the 661 cases, six-tenths day of disability 
per case. Persons with disability due to tetanus antitoxin have not been con- 
sidered in this series. 

[Ep. Nore.—This is an excellent paper and in accordance with the findings of 
others who have dealt with large series of puncture wounds. A ten minute scrub 
with soap and water and a débridement of the skin area around the aperture, with 
a sterile dressing, have given similar results. ] 


388. von Pap, K.: A New Apparatus to Promote Articulation After Operations on Great 
Toe, Arch. f. orthop. u. Unfall-Chir. 41:116-118, 1941. 

389. Bowen, F. H.: Report of Six Hundred and Sixty-One Nail Puncture Wounds of 
the Foot, J. A. M. A. 119:413-414 (May 30) 1942. 
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A survey of end results of several types of operation for hallux valgus was 
made, with analysis, by Nelson and Kaplan.*®° Their conclusions were as follows. 
For the group 20 to 40 years of age with mild involvement, the Stein and the 
McBride operation were effective. Exostectomy is also advisable, although it is 
followed in this age group at times by recurrence of the exostoses, especially on 
the dorsal surface. For persons in this age group with severe involvement cases, 
the Kleinberg and the Lapidus operation are recommended, as they give good 
results even in the presence of arthritis, although the period of convalescence is 
long. The Keller operation can also be recommended, as it proved satisfactory 
irrespective of age and severity in the few cases observed. For the group over 
40 with mild deformity and absence of arthritis, the Silver type of operation and 
exostectomy may be used with satisfactory results. The McBride and the Stein 
procedure are less satisfactory. The Kleinberg and the Lapidus operation may be 
used with success, especially from the patients’ point of view, although con- 
valescence is prolonged. With severe deformity and in the presence of arthritis, 
exostectomy and the Silver operation are apparently not advisable because of 
recurrence of exostoses and pain. With the McBride and the Stein operation in 
several instances there were postoperative rigidity of the toe and recurrence of the 
deformity. The Lapidus and the Kleinberg operation are found satisfactory in 
spite of long convalescence. The Keller procedure, as observed in a few cases, 
gives the impression of being the operation of choice for this age group in the 
presence of severe deformity and arthritis. 

Johnstone *** describes a case. He feels, after a diligent search through the 
literature, that this is the first published case of osteochondritis in the sesamoid of 
the second metatarsal. The clinical picture in this case corresponds to the generally 
accepted features of osteochondritis in sesamoids, and in the differential diagnosis 
there are only two conditions to be considered. These are developmental fissures 
and fractures. The former are usually bilateral, regular in outline, of uniform 
density and symptomless. The latter show irregular clefts with sharp margins; 
they are unilateral, and generally there is a history of injury. Restoration of bone 
structure, after passing through the various stages of osteochondritis, confirms the 
diagnosis. 

Blumenfeld **? discusses the supernumerary bones that occur around the ankle ; 
the principal ones are the external tibial bone, the os trigonum, the os peroneale 
and the os vesalianum, and the less frequent ones in this region are the inter- 
metatarsal bone, the accessory calcaneus, the uncinate bone and the intercuneiform 
bone. Illustrated reproductions of the roentgenograms of some of these are shown. 
In the author’s opinion, in adolescence these supernumerary bones may be the seat 
of an epiphysitis, causing pain. He recommends that painful supernumerary bones 
be extirpated, with local anesthesia. 


(Ep. Nore.—It is not frequent that these sesamoid bones give rise to acute 
symptoms. Involvement of them is usually an incidental finding, and the important 
thing is to be able to differentiate it from fracture. ] 

Milch *** describes an operation for a calcaneus deformity. He reports a case 
in which the calcaneus deformity was due to an excessive lengthening of the achilles 


- 390. Nelson, L. S., and Kaplan, E. B.: Hallux Valgus: Survey of End Results of 
various Operative Procedures for Correction of Hallux Valgus Performed at the Hospital 
During the Past Ten Years (1931-1940), Bull. Hosp. Joint Dis. $:17-25 (Jan.) 1942. 
391. Johnstone, A. S.: Case of Osteochondritis in Sesamoid of Second Metatarsal, Brit. J. 
Radiol. 15:337-338 (Nov.) 1942. 
392. Blumenfeld, I.: Supernumerary Bones of Tarsus, Semana méd. 1:852-858 (April 10) 1941. 
393. Footnote omitted. 


394. Milch, H.: Elongation of Heel for Calcaneus Deformity, J. Bone & Joint Surg 
24:870-872 (Oct.) 1942. 
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tendon in an attempt to correct an equinus deformity. Instead of simply shortening 
the achilles tendon, he turns down a posterior portion of the os calcis with the 
attachment of the achilles tendon and fills up the space with bone fragments. In 
this way the posterior projection of the os calcis and the distance of the achilles 
tendon from its center of rotation of the ankle joint was increased. The insertion 
of the achilles tendon was thus displaced downward. The author demonstrated that 
by increasing the lever arm to which the achilles tendon was attached he was able 
to restore the muscle balance. 


[Ep. Note.—lIt certainly is true that by increasing the lever arm one increases 
the power of the weakened muscle, but in this case it is also true that by extend- 
ing the lever arm posteriorly one has also put more tension on the achilles tendon, 
which gives a relative shortening. | 

Harding *** gives a description of a method for taking photographs of a foot 
with weight bearing, by means of a ground glass plate, mirrors and special lighting. 

Krause ** tabulates the three stages of typical march foot, describing the roent- 
genologic changes. He believes that with technically perfect roentgenograms the 
first stage can be diagnosed more frequently. 

Reckling **’ points out the necessity for repeating the roentgenogram to prove the 
presence or absence of a fracture in case of a swollen foot when there is dorsal swell- 
ing over the metatarsal bone, since a march foot in its earliest stages may not show 
the fracture and after the roentgenogram is taken later it will show the fracture line. 

Lapidus *** describes an operative procedure for correction of overlapping fifth 
toe which consists in running the distal stump of the extensor longus tendon, with 
its insertion intact, through an oblique spiral channel across the plantar surface of 
the toe and implanting it into the conjoined tendons of the abductor and short 
flexor muscles of the fifth toe, after dorsal and medial capsulotomy of the fifth 
metatarsophalangeal joint. 


[Ep. Note.—The operative procedure seems to be mechanically sound, because 
it not only corrects the main three components of the deformity but utilizes the 
muscle power of the abductor and the short flexor for active maintenance of the 
correction. } 

Swanson’s **° article covers a great deal of subject matter in that it includes 
the various types of fractures of the ankle, as well as fractures of the astragalus 
and fractures of the calcaneus. He stresses the rupture of the ligaments and their 
importance, displacement at the ankle joint due to a tear of the fibulotibial liga- 
ments, and the dire consequences if such conditions are not recognized and 
adequately treated. He again stresses the relatively poor prognosis of fracture 
of the os calcis. He feels that the result is dependent on the involvement in the joint 
as well as the perfection of reduction. For crush fractures of the astragalus he 
advises an astragalectomy with posterior displacement of the foot. 

A. Barba Inclan *® reports the result of a study of 305 cases at the Policia 
Nacional, in which he studied sprains in the various parts of the body. The treat- 


395. Harding, F. R.: Photographing Plantar Surface of Feet with Weight Bearing, 
J. Biol. Photographic A. 10:113-115 (March) 1942. 

396. Krause, G. R.: March Fracture (Deutschlander’s Disease, Pied Forcé), Radiology 
38:473-476 (April) 1942. 

397. Reckling, F.: Appearance of Roentgen Image of Fracture of Third Metatarsal Bone 
Only After Pressure on Foot, Monatschr. f. Unfallh. 48:8-12 (Jan.) 1941. 

398. Lapidus, P. W.: Transplantation of Extensor Tendon for Correction of Overlapping 
Fifth Toe, J. Bone & Joint Surg. 24:555-559 (July) 1942. 

399. Swanson, J. C.: Injuries of Ankle, Journal-Lancet 62:93-94 (March) 1942. 

400. Barba Inclan, A.: A Modern Concept of Joint Sprains, Cir. ortop. y traumato! 
Habana 9:120-127 (July-Sept.) 1941. 
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ment by means of the Leriche method was used, and in the author’s opinion this 
gave the best results. However, he states that he used tutocaine instead of the 
usual procaine. In addition to the local anesthesia he used compressive strappings 
and physical therapy as adjuncts in the treatment. 

Carothers,**' writing on sprains, points out that ordinary sprains in which there 
is a stretching of the external lateral ligament with a rupture of a few fibers but 
without complete rupture of the ligament will respond to strapping as well as to 
the treatment with local injection of procaine hydrochloride. He stresses the 
importance of a small number of cases in which the ligaments are torn, the tibio- 
fibular as well as the astragalofibular, and that the probability is that there has been 
a dislocation of the astragalus which has been reduced. After the reduction this 
can no longer be recognized by roentgen examination unless there is an injection 
of procaine hydrochloride which permits sufficient inversion of the foot to cause 
displacement which can be demonstrated roentgenologically. In these cases 
strapping or injection of procaine hydrochloride is inadequate, and great damage 
will be done if the patients are treated in this way. 


XV. CONDITIONS INVOLVING THE SHOULDER AND NECK 


PREPARED BY J. G. KUHNS, M.D., BOSTON 


Congenital Deformities——The so-called congenital torticollis is divided by 
Copland *°* into three types: (1) primary congenital torticollis, which is the result 
of a congenital defect in the cervical portion of the spine or of a cervical rib; (2) 
secondary congenital torticollis, which is probably caused by a twisted position of 
the fetal head in utero, and (3) parturitional torticollis, which results from rupture 
or hematoma of the sternocleidomastoid muscle during delivery. The third type is 
the most common. Occasionally the scalenus muscle also is involved and may 
continue the deformity. The author advises section of the sternocleidomastoid. 
Occasionally the scalenus anterior must also be cut. A careful examination should 
be made at operation. 

[Ep. Note.—Section of the scalenus muscle is seldom necessary. ] 

In the course of examining recruits for the British Army, Grieve *® found 
2 young men with bilateral subluxation of the acromioclavicular joint. He con- 
cluded that these were examples of congenital subluxation, since there was no 
history Of injury and the men stated that the abnormal appearance of the shoulders 
had always been present. Roentgenograms confirmed the diagnosis of bilateral 
subluxation of the acromioclavicular joints. From a study of the pertinent lit- 
erature the author concludes that this congenital deformity is rare. 


Anatomy and Pathology.—Gray *** examined 1,239 human scapulas. Of 1,152 
scapulas seen in the dissecting room 27 showed an absence of the muscular cristae 
on the anterior surface. One hundred and sixty-seven of 1,152 showed no sulcus 
tor the circumflex scapular artery, and 28 had anomalous foramens. Costal facets 
were found in 64. The suprascapular notch was converted into a foramen in 73 of 
1,151. Separate acromial bones were observed in 36 of 1,086 scapulas. Facets 
on the inferior surface of the acromion were found in 240 of 1,085 scapulas. 


401. Carothers, R. G.: Sprained Ankles, Ann. Surg. 115:654-657 (April) 1942. 

402. Copland, S. M.: Scalenus Anticus Factor in Congenital Torticollis, Surgery 11:624- 
631 (April) 1942. 

403. Grieve, J.: Bilateral Congenital Subluxation of Acromio-Clavicular Joint, Lancet 
2:424 (Oct. 10) 1942. 


404. Gray, D. J.: Variations in Human Scapulae, Am. J. Phys. Anthropol. 29:57-72 
March) 1942. 
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Variations in the shape of the glenoid fossa were common. Among 1,151, 706 
had convex vertebral borders. Three hundred and twenty-nine were straight 
114 were concave (scaphoid scapulas) and 2 were unclassifiable. 


[Ep. Note.—Too little attention is paid by clinicians to the minor anomalie- 
about the shoulder as factors in the production of symptoms in this region. ] 

In a voluminous study of the scapula Hrdlitka *®* states that scapulas may be 
grouped into three main types: (1) triangular (wedge shaped), with the vertebral 
border straight ; (2) concave, with the vertebra! or both the vertebral and the axillary 
border concave, and (3) convex, with the vertebral border convex. He concludes 
that the shape of the scapula is partly of functional causation. Weakening of 
the musculature about the clavicle may cause concavity. About 10 per cent of the 
scapulas examined were concave. Usually both sides of the skeleton will show 
the same type of clavicle. The triangular scapula with a straight vertebral border 
is far more common in adults than in children. Concave scapulas are more common 
in children. The juvenile scapula is far from being finished in its form. The 
superior border of the scapula is its most variable part and changes shape through- ° 
out the growing period. 

Makowski ** attempts to trace in sequence the development of calcific deposits 
in the supraspinatus tendon. There is first inflammation of the tendon, with some 
necrosis which is followed by deposition of calcium. The commonest cause of 
inflammation is pinching of the supraspinatus tendon. Subdeltoid bursitis follows 
the changes in the tendon. The morbid anatomy in a 36 year old epileptic woman 
who had had frequent anterior dislocation of the right shoulder was reported by 
Eyre-Brook.*” The patient died while a Nicola operation was being performed. 
At autopsy a tear of the anterior ligament from the attachment of the biceps muscle 
to the bottom of the glenoid cavity was found, as has been described by Bankart. 
There was a large notchlike depression on the posterior surface of the humeral 
head. This was caused by erosion of cartilage and absorption of bone from 
recurrent trauma. 

Odgers and Hark ** report observations on habitual dislocation of the shoulder 
They found 6 tears in 40 shoulders examined in the dissecting room. They 
interpreted these to be degenerative changes or incomplete repair. Twelve patients 
with habitual dislocation were seen. No recurrences were seen following the 
Bankart operation. 

From roentgenologic studies, Sachs and Hill *® conclude that inferoanterior 
dislocations of the humeral head are caused by the application of force through 
the longitudinal axis of the humerus with the shoulder abducted and internally 
rotated. The degree of internal rotation determines whether the glenoid lip will 
impinge on the posterolateral aspect of the humeral head with a resulting com 
pression defect of the head. If the arm is in slight internal rotation, the glenoid 
lip will impinge on the greater tuberosity and produce an avulsion fracture of the 


405. Hrdlicka, A.: Scapula: Visual Observations, Am. J. Phys. Anthropol. 29:73-94 
(March) 1942. 

406. Makowski, S. J.: Calcific Deposits in Supraspinatus Tendon, M. Times, New York 
70:19-22 (Jan.) 1942. 

407. Eyre-Brook, A. L.: Morbid Anatomy of Case of Recurrent Dislocation of Shoulder 
Brit. J. Surg. 30:32-37 (July) 1942. 

408. Odgers, S. L., and Hark, F. W.: Habitual Dislocation of Shoulder Joint, Surg. 
Gynec. & Obst. 75:229-234 (Aug.) 1942. 

409. Sachs, M. D., and Hill, H. A.: Complications of Infero-Anterior (Axillary) Di» 
location of Shoulder Joint as Demonstrated by Roentgenograms, Surg., Gynec. & Obst 
75 :639-646 (Nov.) 1942. 





706 
ight 


alies 


y be 
*bral 
llary 
udes 
g of 
f the 
show 
order 
mon 


The 


ugh- 


OSIts 
some 
se of 
llows 
oman 
sd by 
rmed. 
1uscle 
akart. 
mera! 
from 


ulder 
They 

tients 
g the 


\terior 
rough 
nally 
p will 
- com- 
‘lenoid 
of the 


9:73-94 
w York 


houlder 


Surg. 


y) Dis 
: Obst 


PROGRESS IN ORTHOPEDIC SURGERY 101 


tuberosity. Fractures of the glenoid lip are produced when the shoulder is in 
internal rotation. When pain persists for a long period after injury roentgeno- 
grams of the bicipital groove will sometimes show lesions in this area. 

Jones **° reports 2 instances in which it was necessary to remove the humeral 
head for comminution associated with dislocation. After the removal of the 
fragments the proximal end of the humerus was rounded and the capsular, sub- 
scapularis, supraspinatus, infraspinatus and teres minor muscles were reattached 
to the humerus. Almost normal function resulted. The four muscles act as a unit 
in stabilizing the shoulder in abduction. Movement of the shoulder joint demands 
contact of the head of the humerus and the glenoid cavity. The author believes 
that there is a great deal of difference between the shoulder joint in relaxed motion 
and when heavy work is being done. The fixation produced by the capsular muscles 
produces stability of the shoulder joint in motion. 


Symptomatology.—Hoobler *** reports the case history of a patient with 
thrombosis of the subclavian artery associated with cervical rib. The thrombosis 
was followed by a right hemiplegia, which disappeared in sixteen days. Five similar 
cases reported in the literature are reviewed. The thrombosis was believed to have 
resulted from prolonged arterial spasm caused by the cervical rib. Cerebral 
embolism from such thrombosis can occur only on the right, where the common 
carotid and subclavian arteries come off from the innominate artery. 

Pain in the arm, brachialgia, should be considered not as a disease entity but as 
the result of irritation or pressure on nerves in the cervical region.*'? The scalenus 
anticus muscle is not primarily responsible. Compression of the nerve roots at 
the intervertebral foramens is frequently the cause. 

Torticollis as a result of motor disturbances of the eye is not often seen by the 
orthopedic surgeon. Guy *** discusses the diagnosis of such lesions. If no vertical 
oculomotor error is found, the eyes can be ruled out as a cause of torticollis unless 
ptosis of a lid is present. Ocular torticollis is associated with an attempt at single 
binocular vision and is not found in the newborn. Ocular torticollis often follows 
forceps delivery. No facial asymmetry results from this deformity, which is 
commoner than is realized. 

Ilfeld and Holder *** report the case history of a patient in whom weakness of 
the anterior serratus muscle was due to carrying a knapsack. The condition 
probably resulted from stretching the long thoracic nerve in swinging the pack 
onto his back. Treatment consisted of support with a sling, heat and massage. 
Complete recovery occurred in four weeks. 

Howard *?® states that injuries about the shoulder girdle comprise 11 per cent 
of industrial injuries and 12 per cent of industrial disabilities. For acromio- 
clavicular dislocation he describes his method of maintaining continuous elastic 
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traction on the outer end of the clavicle for five weeks. All such dislocations hea! 
if treatment is continued long enough. He advises early active exercise for injuries 
about the shoulder. 

Bennett **® believes that periarthritis most fully describes the usual painful 
contracted shoulder. The cause is obscure, but repeated trauma plays an important 
part. Treatment is first designed to secure relaxation of muscular spasm. This 
is accomplished by fixation of the shoulder in a comfortable position with sandbags 
and pillows and by the application of heat, preferably hot compresses. Massage 
is given cautiously and is followed by passive and active motion. If there is no 
increased range of motion after a forty-eight hour period, manipulation with the 
patient under anesthesia is indicated. 


Treatment.—Travell, Rinzler and Herman *** report the results of intramuscular 
infiltration with 1 per cent solution of procaine hydrochloride for the relief of pain 
in the shoulder. The 58 patients studied had a tender point in the muscles about 
the back and shoulder girdle, pain on motion of the arm and limitation of active 
movement. Full restoration of movement and remission of pain followed this 
treatment in 62 per cent of the cases. The writers suggested that impulses arose in 
one or more foci in the muscle and reflexly led to the symptom; restriction of 
motion was primarily a reaction to pain. 


[Ep. Note.—While intramuscular injections of procaine hydrochloride will at 
times lead to abatement of pain, we feel that treatment of the patient should be 
based on as exact a diagnosis of the disability as can be made.] 

In the treatment of 32 patients with painful shoulders Kelly *** gave 16 of them 
injections of 20 cc. of a 1: 200 solution of procaine hydrochloride into or just 
beneath the upper fibers of the trapezius muscle with complete relief of symptoms. 
He believed that in these patients there was a trophic nervous reflex which caused 
the symptoms. This type of lesion should be differentiated from brachial neuritis. 

Chapman **® used roentgenotherapy for 54 painful shoulders, giving 250 r 
twice a week for four or five treatments. More rapid relief was observed in 
patients who came for treatment early in the course of the disease. Seventy-seven 
per cent of the shoulders were cured. 

Anesthesia of the cervical portion of the sympathetic nervous system will relieve 
the pain in the scalenus anticus syndrome. Judovich and Bates **° advocate 
injection of procaine hydrochloride into the scalenus anterior muscle. Following 
this Horner’s syndrome will be observed occasionally, but only temporarily. 
Operation on the scalenus muscle should be deferred until a successful muscular 
infiltration has been obtained without sympathetic effect. If symptoms are not 
relieved by such infiltration, operation is indicated. 

Reichert *** advises relaxation of the scalenus muscle by special positions in bed 
and at work to relieve the accompanying brachial neuritis. The shoulder is elevated 
with a sling. Work that aggravates symptoms is avoided. In bed the patient lies 
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with the head in forward flexion. Two to four weeks of such treatment is usually 
required for relief of symptoms. He states that 60 of 74 patients were relieved 
by this treatment and 14 required scalenotomy. 

Hansson *** states that 85 per cent of patients with the scalenus anticus syndrome 
can successfully be treated by conservative measures. He advises recumbency in 
bed with the arm suspended over the head. When the patient becomes ambulatory, 
a figure of eight bandage or an aeroplane splint for the arm is applied. Exercises 
also are given to elevate and abduct the scapula. Heat is applied to the shoulder, 
and an attempt is made to improve posture. 


[Ep. Note.—Forward flexion of the neck will lead to only temporary relief in 
the presence of contracture of the scalenus anterior muscle. If there is an asso- 
ciated cervical arthritis the symptoms will be made worse. Conservative treatment 
to be effective and lasting must secure an improved position of use and carriage of 
the entire shoulder girdle and neck, with the chest held high and the shoulder up 
and with very little lordosis in the cervical portion of the spine. ] 

In the treatment of injuries to the acromioclavicular joint, Thorndike and 
Quigley *** counsel conservatism. They have observed 173 such injuries, most of 
them partial tears of the ligaments. Such tears are demonstrated by increased 
mobility in this region. They advocate strapping the joint with adhesive tape over 
a felt pad. This dressing is changed every two days. Diathermy also is given. 
In most cases symptoms were relieved in eight days. 

Among the operative methods of repair of acromioclavicular dislocation 
Phemister *** advises a curved incision over the acromioclavicular joint. A wire 
is placed through the acromion and the distal 1 inch (2.54 cm.) of the clavicle. 
The wire protrudes laterally and is later removed. Two case histories are reported. 
Tyler **° employs procaine hydrochloride anesthesia and passes a screw obliquely 
through the clavicle into the acromion. A satisfactory end result was observed 
after two months. Vargas *** states that in incomplete acromioclavicular dislocation 
nonoperative procedures usually are satisfactory but that they are not satisfactory 
for complete dislocation. A saber incision is made over the anteromedial aspect 
of the shoulder. The deltoid muscle is separated anteriorly in line with its fibers 
and the coracoid process is exposed. The short head of the biceps muscle is split 
longitudinally for 6 cm. A hole is drilled through the clavicle. The free portion 
of the biceps muscle is then threaded through the hole and sutured to itself. The 
shoulder is immobilized for twenty days. 

Bost and Inman *** have found that the essential lesion in anterior dislocation 
of the shoulder is a tear of the glenoid labrum as described by Bankart. This is 
not seen in the usual operative approaches for repair. They report the pathologic 
changes observed in 10 patients who were operated on by Bankart’s technic. In 
addition to the tear in the glenoid labrum, a defect in the posterolateral aspect of 
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the humeral head and a fracture or erosion of the glenoid rim were observed. The 
stages of the operative procedure are: 1. A long incision is made, with separation 
of the deltoid and the pectoralis major muscle and partial separation of the pectorali- 
major from the humerus. 2. The tip of the coracoid is detached and turned down- 
ward and medially. 3. The humerus is rotated outward, and the subscapularis 
tendon is divided near its insertion. 4. The tear in the glenoid labrum is seen 
5. The glenoid rim is raised with a chisel, and the anterior capsule is sutured to 
the bone. 6. The arm is bandaged to the side for six weeks. Eight patients have 
been observed for a sufficiently long time to permit evaluation of the treatment 
Seven have had no recurrence of the dislocation. One, who had epilepsy, had a 
recurrence of the dislocation three weeks after operation. 

Nicola *** advises operation on young, vigorous persons at the time of the first 
dislocation of the shoulder. The capsule should be resutured, and the long head 
of the biceps muscle should be passed through the humeral head at least 1% inch 
(1.3 cm.) from the edge of the articular cartilage. In recurrent dislocations the 
capsule should be explored to determine the location of the tear. The shoulder 
should then be reenforced with the long head of the biceps muscle and the strip 
of capsule which lies above it. 

Raney and Miller **® report the end results for 26 patients suffering from 
recurrent dislocation of the shoulder who were treated by the Nicola procedure 
Sixty-five per cent were cured. Nine patients were less disabled than before but 
had recurrence of the dislocation. 

Modifications of the Nicola operation are described. Wahl ** attaches the 
distal end of the biceps tendon to the periosteum just below the greater tuberosity. 
Suture of the distal portion is performed with the arm in 45 degrees of flexion. 
The proximal end is brought through a hole in the greater tuberosity and attached 
to the periosteum with the shoulder in 45 degree abduction. The arm is held in 
this position with a spica for three weeks. This is followed by physical therapy. 
Thirty-one patients have been operated on by this method with only 1 recurrence. 
Glassman *** avoids drilling through the articular surface of the humeral head. An 
incision is made downward from the coracoid splitting the deltoid fibers. With 
the shoulder in 45 degree abduction and the elbow midway between pronation and 
supination, the long head of the biceps muscle is split lengthwise. Flexing the 
elbow brings more of the intracapsular portion of the tendon into view. The split 
portion of the tendon is pushed up through its canal and is then threaded through 
a hole in the lesser tuberosity and fastened there. No results of this procedure 
are reported. 

Milgram *** reports the history of an 8 year old girl who crawled but did not 
walk until the age of 3 years. There was marked forward displacement of the 
shoulders, so that anteriorly they could be brought almost together. A cuneiform 
osteotomy was performed in the outer third of each clavicle, after which a plaster 
shoulder dressing was worn for six weeks. A greatly improved appearance 
resulted. 
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